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Based on the information currently
available, we do not believe that the
proposed energy conservation standards
for uninterruptible power supplies are
likely to have a significant adverse effect
on competition. This conclusion is
subject to some uncertainty, however, in
part because manufacturers of
uninterruptible power supplies have
indicated that a large number of current
products will not be able to immediately
comply with the new standards and
thus will likely be removed from the
market. Nonetheless, we currently have
no reason to believe that this will result
in any particular manufacturer either
exiting the market or gaining or
increasing its market power and thereby
harming competition.

Sincerely,

Renata B. Hesse,

Acting Assistant Attorney General.
[FR Doc. 201926354 Filed 1-9-20; 8:45 am]
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Compressors

AGENCY: Office of Energy Efficiency and
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Energy.

ACTION: Final rule.

SUMMARY: The Energy Policy and
Conservation Act of 1975, as amended
(“EPCA”), prescribes energy
conservation standards for various
consumer products and certain
commercial and industrial equipment.
EPCA also authorizes DOE to establish
standards for certain other types of
industrial equipment, including air
compressors. Such standards must be
technologically feasible and
economically justified, and must save a
significant amount of energy. In this
final rule, DOE is adopting new energy
conservation standards for air
compressors. It has determined that the
adopted energy conservation standards
for these products would result in
significant conservation of energy, and
are technologically feasible and
economically justified.

DATES: The effective date of this rule is
March 10, 2020. Compliance with the
new standards established for
compressors in this final rule is required
on and after January 10, 2025.

ADDRESSES: The docket for this
rulemaking, which includes Federal
Register notices, public meeting
attendee lists and transcripts,
comments, and other supporting
documents/materials, is available for
review at www.regulations.gov. All
documents in the docket are listed in
the www.regulations.gov index.
However, not all documents listed in
the index may be publicly available,
such as information that is exempt from
public disclosure.

The docket web page can be found at:
www.regulations.gov/docket?D=EERE-
2013-BT-STD-0040. The docket web
page contains simple instructions on
how to access all documents, including
public comments, in the docket.

For further information on how to
review the docket, contact the
Appliance and Equipment Standards
Program staff at (202) 586—6636 or by
email: ApplianceStandardsQuestions@
ee.doe.gov.

FOR FURTHER INFORMATION CONTACT:
James Raba, U.S. Department of Energy,
Office of Energy Efficiency and
Renewable Energy, Building
Technologies Office, EE-5B, 1000
Independence Avenue SW, Washington,
DC 20585-0121. Telephone: (202) 586—
8654. Email:
ApplianceStandardsQuestions@
ee.doe.gov.

Mary Greene, U.S. Department of
Energy, Office of the General Counsel,
GC-33, 1000 Independence Avenue SW,
Washington, DC 20585—-0121.
Telephone: (202) 586—1817. Email:
Mary.Greene@hgq.doe.gov.
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I. Synopsis of the Final Rule

Title III of the Energy Policy and
Conservation Act of 1975, as amended
(“EPCA” or, in context, ‘“the Act”), sets
forth a variety of provisions designed to
improve energy efficiency. (42 U.S.C.
6291, et seq.) Part C of Title III, which
for editorial reasons was re-designated
as Part A—1 upon incorporation into the
U.S. Code (42 U.S.C. 6311-6317),
establishes the “Energy Conservation
Program for Certain Industrial
Equipment.” EPCA provides that DOE
may include a type of industrial
equipment as covered equipment if it
determines that to do so is necessary to
carry out the purposes of Part A—1. (42
U.S.C. 6312(b)). EPCA authorizes DOE
to prescribe energy conservation
standards for those types of industrial
equipment which the Secretary
classifies as covered equipment. (42
U.S.C. 6314) On November 15, 2016,
DOE published a final rule, which
determined coverage for compressors is
necessary to carry out the purposes of
Part A—1 of Title III of EPCA (herein
referred to as “‘notice of final
determination’’). 81 FR 79991

Pursuant to EPCA, any new or
amended energy conservation standard

must be designed to achieve the
maximum improvement in energy
efficiency that is technologically
feasible and economically justified. (42
U.S.C. 6295(0)(2)(A) and 42 U.S.C.
6316(a)) Furthermore, the new or
amended standard must result in a
significant conservation of energy. (42
U.S.C. 6295(0)(3)(B) and 42 U.S.C.
6316(a))

In accordance with these and other
statutory provisions discussed in this
document, DOE is adopting new energy
conservation standards for compressors.
The adopted standards, which are
expressed in package isentropic
efficiency (i.e., the ratio of the
theoretical isentropic power required for
a compression process to the actual
power required for the same process),
are shown in Table I.1. These standards
apply to all compressors listed in Table
I.1 and manufactured in, or imported
into, the United States starting on
January 10, 2025.

In Table I.1, the term V,; denotes the
full-load actual volume flow rate of the
compressor, in cubic feet per minute
(“cfm”). Standard levels are expressed
as a function of full-load actual volume
flow rate for each equipment class, and
may be calculated by inserting values
from the rightmost two columns into the
second leftmost column. Doing so yields
an efficiency-denominated function of
full-load actual volume flow rate.

TABLE |.1—ADOPTED ENERGY CONSERVATION STANDARDS FOR AIR COMPRESSORS

Standard level
(package isentropic efficiency)

. NRegr
(package isentropic efficiency reference

d
(percentage

Equipment class

Rotary, lubricated, air-cooled, fixed-
speed.

Rotary, lubricated, air-cooled, variable-
speed.

Rotary, lubricated, liquid-cooled, fixed-
speed.

Rotary, lubricated, liquid-cooled, vari-
able-speed.

NRegr + (1 - nF{egr) * (d/1 00) ..................
NRegr + (1 - nF{egr) * (d/1 00) ..................
.02349 + NRegr + (1 — NRegr) * (d/100) ...

.02349 + NRegr + (1 — NRegr) * (d/100) ...

In(.4719 * V1) + 0.00905.

curve) loss reduction)

—0.00928 * In2(.4719 * V4) + 0.13911 * -15
In(.4719 * V4) + 0.27110.

—0.01549 * In2(.4719 * V4) + 0.21573 * -10
In(.4719 * V4) + 0.00905.

—0.00928 * In2(.4719 * V4) + 0.13911 * -15
In(.4719 * V4) + 0.27110.

—0.01549 * In2(.4719 * V4) + 0.21573 * —-15

A. Benefits and Costs to Consumers

Table 1.2 presents DOE’s evaluation of
the economic impacts of the proposed
standards on consumers of air

1The average LCC savings are measured relative
to the no-new standards case efficiency distribution
in the no-new-standards case, which depicts the

compressors, as measured by the
average life-cycle cost (“LCC”) savings
and the simple payback period
(“PBP”).? The average LCC savings are
positive for all equipment classes for

market in the compliance year in the absence of
standards (see section IV.F.9). The simple PBP,
which is designed to compare specific efficiency

which standards are being adopted, and
the PBP is less than the average lifetime
of air compressors; that lifetime is
estimated to be approximately 13 years
for the covered equipment classes.

levels, is measured relative to the baseline model
(see section IV.C.1.a).
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TABLE |.2—IMPACTS OF ADOPTED ENERGY CONSERVATION STANDARDS ON CONSUMERS OF AIR COMPRESSORS

Average Simple

. LCC payback

Equipment class savings period

(20159%) (years)
Rotary positive, fixed speed, lubricated, air cooled (RP_FS_L_AC ) ..ot 8,002 2.4
Rotary positive, fixed speed, lubricated, liquid cooled (RP_FS_L_WC) .. 10,559 2.7
Rotary positive, variable speed, lubricated, air cooled (RP_VS_L_AC) .....ccccooiiiiiiiiiiiiiiiieieeeeeeeeee e 2,618 4.9
Rotary positive, variable speed, lubricated, liquid cooled (RP_VS_L_WC) ......coooiiiiiiiiiiiieieeeeeeeee e 5,145 4.9

DOE’s analysis of the impacts of the
adopted standards on consumers is
described in section IV.F of this
document.

B. Impact on Manufacturers

The industry net present value
(“INPV”’) is the sum of the discounted
cash flows to the industry from the base
year through the end of the analysis
period (2016-2051). Using a real
discount rate of 8.7 2 percent, DOE
estimates that the (INPV) for
manufacturers of air compressors in the
case without new standards is $409.7
million in 2015$. Under the adopted
standards, DOE expects the change in
INPV to range from —13.5 percent to
—10.2 percent, which is approximately
—$55.1 million to — $42.0 million. In
order to bring products into compliance
with adopted standards, DOE expects
the industry to incur total conversion
costs ranging from a high of $121.3
million to $98.1 million.3

DOE’s analysis of the impacts of the
adopted standards on manufacturers is
described in section IV.] and section
V.B.2 of this document.

C. National Benefits and Costs*

DOE’s analyses indicate that the
adopted energy conservation standards
for air compressors would save a
significant amount of energy. Relative to
the case without new standards (no new
standards case), the lifetime energy

2DOE estimated preliminary financial metrics,
including the industry discount rate, based on
publicly available financial information, including
Securities and Exchange Commission (“SEC”)
filings and S&P bond ratings. DOE presented the
preliminary financial metrics to manufacturers in
manufacturer impact analysis (“MIA”) interviews.
DOE adjusted those values based on feedback from
manufacturers. The complete set of financial
metrics and more detail about the methodology can
be found in chapter 12 of the final rule technical
support document (“TSD”).

3 For the MIA, DOE modeled two standards-case
conversion cost scenarios to represent uncertainty
regarding the potential impacts on manufacturers
following the implementation of energy
conservation standards. More details about the
methodology can be found in section IV.].2 of this
document and in chapter 12 of the final rule TSD.

4 All monetary values in this document are
expressed in 2015 dollars and, where appropriate,
are discounted to 2016 unless explicitly stated
otherwise.

savings for air compressors purchased
in the 30-year period that begins in the
anticipated first full year of compliance
with the adopted standards (2022—
2051) ® amount to 0.16 quadrillion
British thermal units (“Btu”), or quads.®
This represents a savings of 0.6 percent
relative to the energy use of these
products in the no new standards case
A.

The cumulative net present value
(“NPV”’) of total consumer costs and
savings of the standards for air
compressors ranges from $0.2 billion (at
a 7-percent discount rate) to $0.4 billion
(at a 3-percent discount rate). This NPV
expresses the estimated total value of
future operating-cost savings minus the
estimated increased equipment costs for
air compressors purchased in 2022—
2051.

In addition, the adopted standards for
compressors are projected to yield
significant environmental benefits. DOE
estimates that the standards will result
in cumulative emission reductions (over
the same period as for energy savings)
of 8.2 million metric tons (“Mt”") 7 of
carbon dioxide (CO,), 6.5 thousand tons
of sulfur dioxide (SO,), 11.0 tons of
nitrogen oxides (NOx), 40.8 thousand
tons of methane (CHy), 0.1 thousand
tons of nitrous oxide (N,O), and 0.02 ton
of mercury (Hg).8 The estimated
cumulative reduction in CO, emissions
through 2030 amounts to 0.9 Mt, which
is equivalent to the emissions resulting

5 The analysis uses January 1st, 2022, to represent
the expected compliance date in late 2021.
Therefore, the 30-year analysis period is referred to
as 2022-2051 in this document.

6 The quantity refers to full-fuel-cycle (“FFC”)
energy savings. FFC energy savings includes the
energy consumed in extracting, processing, and
transporting primary fuels (i.e., coal, natural gas,
petroleum fuels), and, thus, presents a more
complete picture of the impacts of energy efficiency
standards. For more information on the FFC metric,
see section IV.H.

7 A metric ton is equivalent to 1.1 short tons.
Results for emissions other than CO, are presented
in short tons.

8DOE calculated emissions reductions relative to
the no-new-standards-case, which reflects key
assumptions in the Annual Energy Outlook 2016
(AEO 2016). AEO 2016 represents current federal
and state legislation and final implementation of
regulations as of the end of February 2016. DOE is
using the projection consistent with the cases
described on page E-8 of AEO 2016.

from the annual electricity use of more
than 95 thousand homes.

The value of the CO, reduction is
calculated using a range of values per
metric ton (“t”’) of CO, (otherwise
known as the “social cost of CO,,” or
“SC-CO,") developed by a Federal
interagency working group.® The
derivation of the SC-CO, values is
discussed in section IV.L.1 of this
document. Using discount rates
appropriate for each set of SC-CO,
values, DOE estimates that the present
value of the CO, emissions reduction is
between $0.05 billion and $0.76 billion,
with a value of $0.25 billion using the
central SC-CO; case represented by
$47.4/metric ton (t) in 2020.

DOE also calculated the value of the
reduction in emissions of the non-CO,
greenhouse gases, methane and nitrous
oxide, using values for the social cost of
methane (“SC-CH,”’) and the social cost
of nitrous oxide (“SC-N>O”) recently
developed by the interagency working
group.1° See section IV.L.2 for
description of the methodology and the
values used for DOE’s analysis. The
estimated present value of the methane
emissions reduction is between $0.01
billion and $0.11 billion, with a value
of $0.04 billion using the central SC-CH4
case represented by $1,353/t in 2020;
and the estimated present value of the
N>O emissions reduction is between
$0.000 billion and $0.003 billion, with
a value of $0.001 billion using the
central SC-N»O case, represented by
$16,916/t.

DOE also estimates the present value
of the NOx emissions reduction to be
$6.1 million using a 7-percent discount

9 United States Government—Interagency
Working Group on Social Cost of Carbon. Technical
Support Document: Technical Update of the Social
Cost of Carbon for Regulatory Impact Analysis
Under Executive Order 12866. May 2013. Revised
July 2015. www.whitehouse.gov/sites/default/files/
omb/inforeg/scc-tsd-final-july-2015.pdf.

10 United States Government-Interagency
Working Group on Social Cost of Greenhouse Gases.
Addendum to Technical Support Document on
Social Cost of Carbon for Regulatory Impact
Analysis under Executive Order 12866: Application
of the Methodology to Estimate the Social Cost of
Methane and the Social Cost of Nitrous Oxide.
August 2016. www.whitehouse.gov/sites/default/
files/omb/inforeg/august_2016_sc_ch4_sc_n2o_
addendum_final_8_26_16.pdf.


http://www.whitehouse.gov/sites/default/files/omb/inforeg/august_2016_sc_ch4_sc_n2o_addendum_final_8_26_16.pdf
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from the adopted standards for air
COMPIessors.

therefore did not include any such

values in the analysis for this final rule.
Table 1.3 summarizes the economic

benefits and costs expected to result

rate, and $16.8 million using a 3-percent
discount rate.1* DOE is still
investigating appropriate valuation of
the reduction in other emissions, and

TABLE |.3—SUMMARY OF ECONOMIC BENEFITS AND COSTS OF ADOPTED ENERGY CONSERVATION STANDARDS FOR AIR

COMPRESSORS *
Present value | Discount rate
Category (billion 2015%) (percent)
Benefits
Consumer Operating Cost Savings 0.2 7
0.6 3
GHG Reduction (using avg. social costs at 5% diSCOUNt rate) ™ ..........cccceiiiiiiiiriieiee e 0.1 5
GHG Reduction (using avg. social costs at 3% discount rate) ** ...... 0.3 3
GHG Reduction (using avg. social costs at 2.5% discount rate) ** ............... 0.5 25
GHG Reduction (using 95th percentile social costs at 3% discount rate) ** ..........ccoooieiiiiiinii i 0.9 3
[N (@ v R {=Te (U1 1 1o ] o I S 0.006 7
0.02 3
TOMAl BENEFIES T ..ottt a ettt e e a et e bt h e e bt e ea et bt e e e bt he e et e e nn e e e bt e he e e ne e naneeteea 0.5 7
0.9 3
Costs
Consumer Incremental INStalled COSES £ ...iiiiiiiiiiiiiee e e e e e et e e e e e e e e e e e e e e e s sntaneeeeeeeaannns 0.1 7
0.2 3
Total Net Benefits
Including GHG and NOx Reduction Monetized Value T1 ....ccooouieiiiiiiiiiieie e 0.5 7
0.8 3

*This table presents the costs and benefits associated with compressors shipped in 2022-2051. These results include benefits to consumers
that accrue after 2022 from the products shipped in 2022-2051.

**The interagency group selected four sets of SC-CO, SC-CH4, and SC-N2O values for use in regulatory analyses. Three sets of values are
based on the average social costs from the integrated assessment models, at discount rates of 5-percent, 3-percent, and 2.5-percent. The fourth
set, which represents the 95th percentile of the social cost distributions calculated using a 3-percent discount rate, is included to represent high-
er-than-expected impacts from climate change further out in the tails of the social cost distributions. The social cost values are emission year
specific. The GHG reduction benefits are global benefits due to actions that occur domestically. See section 1V.L for more details.

1T DOE estimated the monetized value of NOx emissions reductions associated with electricity savings using benefit per ton estimates from the
Regulatory Impact Analysis for the Clean Power Plan Final Rule, published in August 2015 by EPA’s Office of Air Quality Planning and Stand-
ards. (Available at www.epa.gov/cleanpowerplan/clean-power-plan-final-rule-regulatory-impact-analysis.) See section IV.L.3 for further discussion.
To be conservative, DOE is primarily using a national benefit-per-ton estimate for NOx emitted from the Electricity Generating Unit sector based
on the low-end estimates of premature mortality used by EPA. If the benefit-per-ton estimates were based on the high-end estimates, the values
would be nearly two-and-a-half times larger. If the benefit-per-ton estimates were based on the Six Cities study (Lepuele et al., 2011), the values

would be nearly two-and-a-half times larger.

i Total Benefits for both the 3-percent and 7-percent cases are presented using the average social costs with 3-percent discount rate.
11 The incremental installed costs include incremental equipment cost as well as installation costs. The costs account for the incremental vari-
able and fixed costs incurred by manufacturers due to the proposed standards, some of which may be incurred in preparation for the rule.

The benefits and costs of the adopted
standards for air compressors sold in
2022-2051 can also be expressed in
terms of annualized values. The
monetary values for the total annualized
net benefits are the sum of (1) the
national economic value of the benefits
in reduced consumer operating costs,
minus (2) the increases in product

11DOE estimated the monetized value of NOx
emissions reductions associated with electricity
savings using benefit per ton estimates from the
Regulatory Impact Analysis for the Clean Power
Plan Final Rule, published in August 2015 by EPA’s
Office of Air Quality Planning and Standards.
Available at www.epa.gov/cleanpowerplan/clean-
power-plan-final-rule-regulatory-impact-analysis.
See section IV.L.3 for further discussion. The U.S.
Supreme Court has stayed the rule implementing
the Clean Power Plan until the current litigation
against it concludes. Chamber of Commerce, et al.
v. EPA, et al., Order in Pending Case, West Virginia
v. EPA, 136 S. Ct. 1000, 194 L. Ed. 2d 17 (2016).
However, the benefit-per-ton estimates established

purchase prices and installation costs,
plus (3) the value of the benefits of CO,
and NOx emission reductions, all
annualized.12

The national operating cost savings
are domestic private U.S. consumer
monetary savings that occur as a result
of purchasing the covered products and
are measured for the lifetime of

in the Regulatory Impact Analysis for the Clean
Power Plan are based on scientific studies that
remain valid irrespective of the legal status of the
Clean Power Plan. To be conservative, DOE is
primarily using a national benefit-per-ton estimate
for NOx emitted from the Electricity Generating
Unit sector based on the low-end estimates of
premature mortality used by EPA. If the benefit-per-
ton estimates were based on the high-end estimates,
the values would be nearly two-and-a-half times
larger. If the benefit-per-ton estimates were based
on the Six Cities study (Lepuele et al. 2011), the
values would be nearly two-and-a-half times larger.
12To convert the time-series of costs and benefits
into annualized values, DOE calculated a present

compressors shipped in 2022-2051. The
benefits associated with reduced CO,
emissions achieved as a result of the
adopted standards are also calculated
based on the lifetime of compressors
shipped in 2022-2051. Because CO,
emissions have a very long residence
time in the atmosphere, the SC-CO»
values for CO; emissions in future years

value in 2016, the year used for discounting the
NPV of total consumer costs and savings. For the
benefits, DOE calculated a present value associated
with each year’s shipments in the year in which the
shipments occur (e.g., 2020 or 2030), and then
discounted the present value from each year to
2016. The calculation uses discount rates of 3 and

7 percent for all costs and benefits except for the
value of CO, reductions, for which DOE used case-
specific discount rates, as shown in Table 1.3. Using
the present value, DOE then calculated the fixed
annual payment over a 30-year period, starting in
the compliance year, which yields the same present
value.


http://www.epa.gov/cleanpowerplan/clean-power-plan-final-rule-regulatory-impact-analysis
http://www.epa.gov/cleanpowerplan/clean-power-plan-final-rule-regulatory-impact-analysis
http://www.epa.gov/cleanpowerplan/clean-power-plan-final-rule-regulatory-impact-analysis
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benefits and costs other than GHG
reduction (for which DOE used average
social costs with a 3-percent discount
rate),13 the estimated cost of the
standards in this rule is $9.9 million per
year in increased equipment costs,
while the estimated annual benefits are
$28.1 million in reduced equipment
operating costs, $17.2 million in GHG
reductions, and $0.7 million in reduced
NOx emissions. In this case, the net

benefit amounts to $36 million per year.
Using a 3-percent discount rate for all
benefits and costs, the estimated cost of
the standards is $10.4 million per year
in increased equipment costs, while the
estimated annual benefits are $36.8
million in reduced operating costs,
$17.2 million in GHG reductions, and
$1.0 million in reduced NOx emissions.
In this case, the net benefit amounts to
$45 million per year.

reflect impacts that continue through
2300. The CO; reduction is a benefit
that accrues globally. DOE maintains
that consideration of global benefits is
appropriate because of the global nature
of the climate change problem.
Estimates of annualized benefits and
costs of the adopted standards are
shown in Table I.4. The results under
the primary estimate are as follows.
Using a 7-percent discount rate for

TABLE |.4—ANNUALIZED BENEFITS AND COSTS OF ADOPTED STANDARDS FOR COMPRESSORS *

Discount rate Primary IB%V;}'Q%' '_gggé?ifst'
(percent) estimate ; .
estimate estimate
(million 2015%/year)
Benefits
Consumer Operating Cost Savings ...........cccceeviiiiiininicini e, T e 35.1.
3. 46.6.
GHG Reduction (using avg. social costs at 5% discount rate) ** 5 6.6.
GHG Reduction (using avg. social costs at 3% discount rate) ** ... 3. 21.2.
GHG Reduction (using avg. social costs at 2.5% discount rate) ** ... 25 30.6.
GHG Reduction (using 95th percentile social costs at 3% discount rate) ** .. | 3 63.4.
NOx REAUCHION T ..veiiiiiiieieeeee et e e vr e e e e s eanae e s annnees 7 1.9.
3. 2.8.
Total BENEItS £ ..veieieeiie ettt e e e aaaeean 7 plus CO: range 44 to 100.
7 .. 58.
56 to 113.
71.
Costs
Consumer Incremental Equipment Costs 11 .......cooveiiiiiieniniecneece e 7 .. 8.8 e 11.4.
3. 9.3 s 12.0.
Net Benefits
LI} €= LSS 7 plus COz range .....ccccceeeeee | 2410 70 oo 32 to 89.
47.
44 to 101.
59.

*This table presents the annualized costs and benefits associated with the considered compressors shipped in 2022—2051. These results include benefits to con-
sumers which accrue after 2051 from the compressors purchased from 2022—-2051. The incremental installed costs include incremental equipment cost as well as in-
stallation costs. The results account for the incremental variable and fixed costs incurred by manufacturers due to the adopted standards, some of which may be in-
curred in preparation for the rule. The GHG reduction benefits are global benefits due to actions that occur nationally. The Primary, Low Net Benefits, and High Net
Benefits Estimates utilize projections of energy prices from the AEO 2016 Economic Growth cases. In addition, incremental product costs reflect constant prices in the
Primary Estimate, a low decline rate in the Low Benefits Estimate, and a high decline rate in the High Benefits Estimate. The methods used to derive projected price
trends are explained in section IV.F. Note that the Benefits and Costs may not sum to the Net Benefits due to rounding.

**The interagency group selected four sets of SC-CO, SC-CH4, and SC-N»O values for use in regulatory analyses. Three sets of values are based on the average
social costs from the integrated assessment models, at discount rates of 5 percent, 3 percent, and 2.5 percent. The fourth set, which represents the 95th percentile of
the social cost distributions calculated using a 3-percent discount rate, is included to represent higher-than-expected impacts from climate change further out in the
tails of the social cost distributions. The social cost values are emission year specific. The GHG reduction benefits are global benefits due to actions that occur na-
tionally. See section IV.L for more details.

1 DOE estimated the monetized value of NOx emissions reductions associated with electricity savings using benefit per ton estimates from the Regulatory Impact
Analysis for the Clean Power Plan Final Rule, published in August 2015 by EPA’s Office of Air Quality Planning and Standards. (Available at www.epa.gov/
cleanpowerplan/clean-power-plan-final-rule-regulatory-impact-analysis.) See section 1V.L.3 for further discussion. For the Primary Estimate and Low Net Benefits Esti-
mate, DOE used national benefit-per-ton estimates for NOx emitted from the Electric Generating Unit sector based on an estimate of premature mortality used by
EPA. For the High Net Benefits Estimate, the benefit-per-ton estimates were based on the Six Cities study (Lepuele et al. 2011); these are nearly two-and-a-half
times larger than those from the American Cancer Society (“ACS”) study.

+ Total Benefits for both the 3-percent and 7-percent cases are presented using the average social costs with 3-percent discount rate. In the rows labeled “7% plus
GHG range” and “3% plus GHG range,” the operating cost and NOx benefits are calculated using the labeled discount rate, and those values are added to the full
range of social cost values.

11 The incremental installed costs include incremental equipment cost as well as installation costs. The results account for the incremental variable and fixed costs
incurred by manufacturers due to the proposed standards, some of which may be incurred in preparation for the rule.

DOE’s analysis of the national impacts
of the adopted standards is described in
sections IV.H, IV.K, and IV.L of this
document.

D. Conclusion

Based on the analyses culminating in
this final rule, DOE finds the benefits of

13DOE used average social costs with a 3-percent
discount rate because these values are considered
as the “central” estimates by the interagency group.

the standards (energy savings, consumer
LCC savings, positive NPV of consumer
benefit, and emission reductions) to the
Nation outweigh the burdens (loss of
INPV and LCC increases for some users
of these products). DOE concludes that
the standards in this final rule represent
the maximum improvement in energy
efficiency that is technologically
feasible and economically justified, and

will result in significant conservation of
energy.

II. Introduction

The following section briefly
discusses the statutory authority
underlying this final rule, as well as
some of the relevant historical
background related to the establishment
of standards for air compressors.
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A. Authority

Title III of the Energy Policy and
Conservation Act of 1975, as amended
(“EPCA” or, in context, “the Act”), sets
forth a variety of provisions designed to
improve energy efficiency. (42 U.S.C.
6291, et seq.) Part C of Title III, which
for editorial reasons was re-designated
as Part A—1 upon incorporation into the
U.S. Code (42 U.S.C. 6311-6317),
establishes the “Energy Conservation
Program for Certain Industrial
Equipment.” EPCA provides that DOE
may include a type of industrial
equipment, including compressors, as
covered equipment if it determines that
to do so is necessary to carry out the
purposes of Part A-1. (42 U.S.C.
6311(2)(B)(i) and 42 U.S.C. 6312(b)).
The purpose of Part A—1 is to improve
the efficiency of electric motors and
pumps and certain other industrial
equipment in order to conserve the
energy resources of the Nation. (42
U.S.C. 6312(a)). On November 15, 2016
DOE published a Notice of Final
Determination of Coverage determining
that compressors meet the statutory
criteria for classifying industrial
equipment as covered, because
compressors are a type of industrial
equipment (1) which in operation
consume, or are designed to consume,
energy; (2) are to a significant extent
distributed in commerce for industrial
or commercial use; and (3) are not
covered under 42 U.S.C. 6291(a)(2). 81
FR 79991.

Pursuant to EPCA, DOE’s energy
conservation program for covered
products consists essentially of four
parts: (1) Testing; (2) labeling; (3) the
establishment of Federal energy
conservation standards; and (4)
certification and enforcement
procedures. For commercial and
industrial products, DOE is primarily
responsible for labeling requirements.
Subject to certain criteria and
conditions, DOE is required to develop
test procedures to measure the energy
efficiency, energy use, or estimated
annual operating cost of each covered
product. (42 U.S.C. 6295(0)(3)(A), 42
U.S.C. 6316(a) and 42 U.S.C. 6314)
Manufacturers of covered products must
use the prescribed DOE test procedure
as the basis for certifying to DOE that
their products comply with the
applicable energy conservation
standards adopted under EPCA and
when making representations to the
public regarding the energy use or
efficiency of those products. (42 U.S.C.
6295(s), 42 U.S.C. 6316(a) and 42 U.S.C.
6314(d)) Similarly, DOE must use these
test procedures to determine whether
the products comply with standards

adopted pursuant to EPCA. (42 U.S.C.
6295(s) and 42 U.S.C. 6316(a)) DOE test
procedures for compressors appear at
title 10 of the Code of Federal
Regulations (““CFR”) part 431, subpart T,
appendix A.

DOE follows specific statutory criteria
for prescribing new or amended
standards for covered equipment,
including compressors. Any new or
amended standard for a covered product
must be designed to achieve the
maximum improvement in energy
efficiency that is technologically
feasible and economically justified. (42
U.S.C. 6316(a), and 42 U.S.C.
6295(0)(2)(A)) Furthermore, DOE may
not adopt any standard that would not
result in the significant conservation of
energy. (42 U.S.C. 6295(0)(3)(B) and 42
U.S.C. 6316(a)) In deciding whether a
proposed standard is economically
justified, DOE must determine whether
the benefits of the standard exceed its
burdens. (42 U.S.C. 6295(0)(2)(B)@i) and
42 U.S.C. 6316(a)) DOE must make this
determination after receiving comments
on the proposed standard and by
considering, to the greatest extent
practicable, the following seven
statutory factors:

(1) The economic impact of the
standard on manufacturers and
consumers of the products subject to the
standard;

(2) The savings in operating costs
throughout the estimated average life of
the covered products in the type (or
class) compared to any increase in the
price, initial charges, or maintenance
expenses for the covered products that
are likely to result from the standard;

(3) The total projected amount of
energy (or as applicable, water) savings
likely to result directly from the
standard;

(4) Any lessening of the utility or the
performance of the covered products
likely to result from the standard;

(5) The impact of any lessening of
competition, as determined in writing
by the Attorney General, that is likely to
result from the standard;

(6) The need for national energy and
water conservation; and

(7) Other factors the Secretary of
Energy considers relevant. (42 U.S.C.
6295(0)(2)(B)({1)(D—(VII) and 42 U.S.C.
6316(a))

Further, EPCA, as codified,
establishes a rebuttable presumption
that a standard is economically justified
if the Secretary finds that the additional
cost to the consumer of purchasing a
product complying with an energy
conservation standard level will be less
than three times the value of the energy
savings during the first year that the
consumer will receive as a result of the

standard, as calculated under the
applicable test procedure. (42 U.S.C.
6295(0)(2)(B)(iii) and 42 U.S.C. 6316(a))

EPCA, as codified, also contains an
“anti-backsliding” provision, which
prevents the Secretary from prescribing
any amended standard that either
increases the maximum allowable
energy use or decreases the minimum
required energy efficiency of a covered
product. (42 U.S.C. 6295(0)(1) and 42
U.S.C. 6316(a)) Also, the Secretary may
not prescribe an amended or new
standard if interested persons have
established by a preponderance of the
evidence that the standard is likely to
result in the unavailability in the United
States in any covered product type (or
class) of performance characteristics
(including reliability), features, sizes,
capacities, and volumes that are
substantially the same as those generally
available in the United States. (42 U.S.C.
6295(0)(4) and 42 U.S.C. 6316(a))

Additionally, 42 U.S.C. 6295(q)(1) and
42 U.S.C. 6316(a) specify requirements
when promulgating an energy
conservation standard for a covered
product that has two or more
subcategories. DOE must specify a
different standard level for a type or
class of product that has the same
function or intended use, if DOE
determines that products within such
group: (1) Consume a different kind of
energy from that consumed by other
covered products within such type (or
class); or (2) have a capacity or other
performance-related feature that other
products within such type (or class) do
not have, and such feature justifies a
higher or lower standard. (42 U.S.C.
6295(q)(1) and 42 U.S.C. 6316(a)) In
determining whether a performance-
related feature justifies a different
standard for a group of products, DOE
must consider such factors as the utility
to the consumer of the feature and other
factors DOE deems appropriate. Id. Any
rule prescribing such a standard must
include an explanation of the basis on
which such higher or lower level was
established. (42 U.S.C. 6295(q)(2) and 42
U.S.C. 6316(a))

Federal energy conservation
requirements generally supersede State
laws or regulations concerning energy
conservation testing, labeling, and
standards. (42 U.S.C. 6297(a)—(c) and 42
U.S.C. 6316(a)) DOE may, however,
grant waivers of Federal preemption for
particular State laws or regulations, in
accordance with the procedures and
other provisions set forth under 42
U.S.C. 6297(d) and 42 U.S.C. 6316(a)).

B. Regulatory History for Compressors

Currently, there are no Federal energy
conservation standards for air
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compressors. On December 31, 2012,
DOE issued a Notice of Proposed
Determination of Coverage (2012
proposed determination of coverage’’)
that proposed to establish compressors
as covered equipment on the basis that
(1) DOE may only prescribe energy
conservation standards for covered
equipment; and (2) energy conservation
standards for compressors would
improve the efficiency of such
equipment more than would be likely to
occur in the absence of standards, so
including compressors as covered
equipment is necessary to carry out the
purposes of Part A—1. 77 FR 76972 (Dec.
31, 2012). The 2012 proposed
determination of coverage tentatively
determined that the standards would
likely satisfy the provisions of 42 U.S.C.
6312(B). On February 7, 2013, DOE
published a notice reopening the
comment period on the 2012 proposed
determination of coverage. 78 FR 8998.

As noted above, on November 15
2016, DOE published a notice of final
determination, which determined that
coverage for compressors is necessary to
carry out the purposes of Part A—1 of
Title III of EPCA. 81 FR 79991.

On February 5, 2014, DOE published
in the Federal Register a notice of
public meeting, and provided a
Framework document that addressed
potential standards and test procedures
for these products. 79 FR 6839. DOE
held a public meeting to discuss the
framework document on April 1, 2014.
At this meeting, DOE discussed and
received comments on the Framework
document, which covered the analytical
framework, models, and tools that DOE
uses to evaluate potential standards; and
all other issues raised relevant to the
development of energy conservation
standards for the different categories of
compressors. On March 18, 2014, DOE
extended the comment period. 79 FR
15061.

On May 5, 2016, DOE issued a notice
of proposed rulemaking (“NOPR”) to
propose test procedures for certain
compressors. 87 FR 27220. On June 20,
2016, DOE held a public meeting to
discuss the test procedure NOPR and
receive comments from interested
parties. On December 1, 2016, DOE
issued a test procedure final rule that
amends subpart T of Title 10 of the
Code of Federal Regulations, part 431
(10 CFR part 431), and which contains
definitions, materials incorporated by
reference, and test procedures for
determining the energy efficiency of
certain varieties of compressors. The
test procedure final rule also amended
10 CFR part 429 to establish sampling
plans, representations requirements,

and enforcement provisions for certain
COMPressors.

On May 19, 2016, DOE published a
notice of proposed rulemaking
pertaining to energy conservation
standards for compressors (‘“May 2016
NOPR™).14 81 FR 31680. DOE held a
public meeting to discuss the May 2016
NOPR on June 20, 2016.

In this final rule, DOE responds to
comments received from interested
parties in response to the proposals
presented in the May 2016 NOPR, either
during the June 2016 NOPR public
meeting or in subsequent written
comments.1® In response to the May
2016 NOPR, DOE received 24 written
comments in addition to the verbal
comments made by interested parties
during the June 2016 NOPR public
meeting. The commenters included: The
Alliance to Save Energy (ASE); the
American Council for an Energy
Efficient Economy (ACEEE); the
Appliance Standards Awareness Project
(ASAP); Atlas Copco AB (Atlas Copco);
Castair; the U.S. Chamber of Commerce,
representing the American Chemistry
Council, the American Coke and Coal
Chemicals Institute, the American
Forest & Paper Association, the
American Fuel & Petrochemical
Manufacturers, the American Petroleum
Institute (API), the Association of Home
Appliance Manufacturers, the Brick
Industry Association, the Council of
Industrial Boiler Owners, the National
Association of Manufacturers, the
National Mining Association, the
National Oilseed Processors
Association, and the Portland Cement
Association collectively referred to as
the “U.S. Chamber of Commerce” (U.S.
Chamber of Commerce); the Compressed
Air & Gas Institute (CAGI); Compressed
Air Systems; Industrial Energy
Consumers of America (IECA); Institute
for Policy Integrity representing the
Environmental Defense Fund, Institute
for Policy Integrity at New York
University School of Law, the Natural
Resources Defense Council, and the
Union of Concerned Scientists,
collectively referred to as the “Joint
Advocates” (Joint Advocates); Ingersoll
Rand; Jenny Products, Kaeser
Compressors; the Natural Resources
Defense Council (NRDC); the Northeast
Energy Efficiency Partnership (NEEP);
the Northwest Energy Efficiency
Alliance (NEEA); Michaels and
Knappenberger, of the Center for the
Study of Science, Cato Institute (Cato

14 Available at: www.regulations.gov/
document?D=EERE-2013-BT-STD-0040-0038.

15DOE notes that certain comments pertaining to
the definition of “compressors”” were addressed in
the 2016 notice of final determination.

Institute); the Pacific Gas and Electric
Company (PG&E), San Diego Gas and
Electric (SDG&E), Southern California
Edison (SCE), and Southern California
Gas Company (SCGC), collectively
referred to as the California Investor
Owned Utilities (CA I0Us); the People’s
Republic of China (P. R. China); Scales
Industrial Technologies (Scales); Sullair;
Saylor-Beall Manufacturing Company
and Sullivan-Palatek, collectively
referred to as “Sullivan-Palatek.” In this
document, DOE identifies comments
received in response to the May 2016
standard NOPR by the commenter, the
number of document as listed in the
docket maintained at
www.regulations.gov (Docket No. EERE—
2013-BT-STD-0040), and the page
number of that document where the
comment appears (for example: CAGI,
No. 10 at p. 4). If a comment was made
verbally during the NOPR public
meeting, DOE specifically identifies
those as being located in the NOPR
public meeting transcript (for example:
CAG], public meeting transcript, No. 16
at p. 100). This final rule also contains
certain relevant comments submitted in
response to the compressors test
procedure rulemaking (Docket No.
EERE-2014-BT-TP-0054) and the
December 2012 proposed determination
of coverage (Docket No. EERE-2012—
BT-DET—-0033); such comments will be
identified with the appropriate docket
number.

C. Process Rule

DOE notes that Appendix A
established procedures, interpretations,
and policies to guide DOE in the
consideration and promulgation of new
or revised appliance efficiency
standards under EPCA. (See section 1 of
10 CFR part 430 subpart C, appendix A)
These procedures are a general guide to
the steps DOE typically follows in
promulgating energy conservation
standards. The guidance recognizes that
DOE can and will, on occasion, deviate
from the typical process. (See 10 CFR
part 430, subpart G, appendix A, section
14(a)) The guidance provides, among
other things that DOE issues, final,
modified test procedures for a given
product prior to publication of the
NOPR proposing energy conservation
standards. In this particular instance,
DOE deviated from its typical process
and issued the energy conservation
standards notice of proposed
rulemaking prior to finalizing the test
procedure. DOE believed this action was
appropriate in this specific instance
because DOE was proposing a
commonly used industry test procedure
methodology with few modifications.
DOE developed the proposed energy
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conservation standards using
representations for isentropic efficiency
from manufacturers’ CAGI datasheets
that were developed consistent with the
proposed test procedure methodology
and are readily available on the market
today. Thus, DOE believes that industry
has a common understanding of the
resulting efficiencies of different
compressors designs being
contemplated in the energy
conservation standards rulemaking and
could provide meaningful comments to
DOE about the impacts of such
standards. Based on the test procedure
adopted in the December 2016 final
rule, DOE remains confident that the
timing deviation did not adversely
impact the manufacturers ability to
understand and provide reasonable
comments on the proposed energy
conservation standards rulemaking due
to the widespread availability of data
consistent with DOE’s test procedure
and DOE’s ability to take those
comments into consideration in
developing the final standard levels as
included in this final rule.

III. General Discussion
A. Definitions
1. Definition of Covered Equipment

In the November 2016 notice of final
determination, DOE adopted the
following definition for compressor:

Compressor means a machine or
apparatus that converts different types
of energy into the potential energy of gas
pressure for displacement and
compression of gaseous media to any
higher pressure values above
atmospheric pressure and has a pressure
ratio at full-load operating pressure
greater than 1.3.

To support the definition of
compressors, DOE adopts the following
definition for pressure ratio at full-load
operating pressure in the test procedure
final rule:

Pressure ratio at full-load operating
pressure means the ratio of discharge
pressure to inlet pressure, determined at
full-load operating pressure in
accordance with the test procedures
prescribed in 10 CFR 431.344.

DOE received comments on the
definition of “‘compressor” in both the
energy conservation standard and test
procedure dockets. DOE addresses all
comments related to the definition of
compressor in the November 2016
notice of final determination.

2. Air- and Liquid-Cooled Compressors

In the energy conservation standards
NOPR, DOE proposed the following
definition for water-cooled compressors:
A compressor that utilizes chilled water

provided by an external system to cool
both the compressed air and, if present,
any auxiliary substance used to
facilitate compression. DOE also
proposed the following definition for
air-cooled compressors: A compressor
that utilizes air to cool both the
compressed air and, if present, any
auxiliary substance used to facilitate
compression. 81 FR 31680, 31699 (May
19, 2016)

In response to the definition of water-
cooled compressors in the energy
conservation standards NOPR, Kaeser
Compressors suggested replacing the
term ‘““chilled water” with “water” as
the water is not always chilled. (Kaeser
Compressors, Public Meeting
Transcript, No. 0044 at pp. 22—-23)
Edison Electric Institute stated that the
definition of water-cooled compressors
does not account for compressors that
use a combination of different fluids.
(Edison Electric Institute, Public
Meeting Transcript, No. 0044 at p. 23)
Sullair commented that glycol cooling,
which has a percentage of water, is an
example in which the definition for
water-cooled compressors fails to define
all non-air cooling methods. (Sullair,
No. 0056 at p. 13)

In response to commenters’ concerns,
DOE recognizes that the term “chilled
water”” may be unduly limiting. For this
final rule, DOE is revising the term
“water-cooled compressor’” and its
associated definition to refer to “liquid”
instead of “chilled water.” DOE believes
that the term “liquid” is sufficiently
broad to encompass the concerns raised
by commenters. Omission of the term
“chilled” similarly aids that objective,
as it is not DOE’s intent to limit the
definition to compressors that use only
chilled liquids.

Sullair also commented that
compressors could have both liquid and
air cooling (such as a closed-loop water
system with a radiator and fan), and
thus would represent a potential
loophole to classify the compressor
within an equipment class with a less-
stringent standard. (Sullair, No. 0056 at
pp. 13—14; Sullair, Public Meeting
Transcript, No. 0044 at p. 23) DOE
believes Sullair is referring to a scenario
where a compressor with both liquid
and air-cooling could be classified as an
air-cooled compressor, rather than a
liquid-cooled compressor, as the
standards proposed in the energy
conservation standards NOPR are less
stringent for air-cooled equipment.

In response to Sullair’s comment,
DOE recognizes potential ambiguity
between the definition of “air-cooled
compressor’” and ‘‘liquid-cooled
compressor.” Specifically, the
definitions proposed in the energy

conservation standards NOPR are not
mutually exclusive, as a compressor
could feasibly employ both liquid and
air cooling in the same model. As a
result, in this final rule, DOE is
modifying the definition of “air-cooled
compressor’’ to expressly exclude
compressors that meet the definition of
“liquid-cooled compressor.” Doing so
establishes mutual exclusivity among
the equipment varieties, ensuring that
no compressors can meet the definition
of both air-cooled and liquid-cooled
COmMPpressors.

With respect to Sullair’s specific
example (a closed-loop water system
with a radiator and fan), DOE clarifies
that such a compressor would not meet
the definition of “liquid-cooled
compressor,” because the coolant
system is part of the compressor
package and is not an external system.
Specifically, the use of the term
“provided by an external system” in the
definition of liquid-cooled compressors
means that the system that provides the
liquid coolant is not integral to the
compressor package, and the liquid
coolant system energy consumption and
power draw are not accounted for when
the compressor is tested according to
the DOE test procedure.

Further, in the test procedure final
rule, DOE adopts a list of ancillary
equipment that must be attached to the
compressor during performance testing.
DOE includes two lists; the first
describes ancillary equipment that must
be included on a unit when testing,
regardless of whether it is distributed in
commerce with the basic model under
test; the second list contains ancillary
equipment that is only required if it is
distributed in commerce with the basic
model under test. “Cooling fan(s) and
motors’ appear on the second list.
However, there is no requirement that
cooling equipment beyond “cooling
fan(s) and motors,” including
equipment related to closed-loop liquid
coolant circulation, be connected for
testing purposes. As such, Sullair’s
specific example (a closed-loop water
system with a radiator and fan within
the package) is an air-cooled compressor
and is tested with cooling fans engaged,
but any water pumping equipment is
not be required to be running.

Based on the discussion in this
section, DOE is adopting the following,
revised, definitions for liquid-cooled
and air-cooled compressors.

“Liquid-cooled compressor” means a
compressor that utilizes liquid coolant
provided by an external system to cool
both the compressed air and, if present,
any auxiliary substance used to
facilitate compression.
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‘““Air-cooled compressor” means ‘“‘a
compressor that utilizes air to cool both
the compressed air and, if present, any
auxiliary substance used to facilitate
compression, and that is not a liquid-
cooled compressor.”

B. Scope of Energy Conservation
Standards

In the energy conservation standards
NOPR, DOE proposed to limit the scope
of applicability of standards to
compressors that meet the following
criteria:

e Are air compressors,

e are rotary compressors,

e are driven by a brushless electric
motor,

e are distributed in commerce with a
compressor motor nominal horsepower
greater than or equal to 1 and less than
or equal to 500 horsepower (“hp”’), and

e operate at a full-load operating
pressure of greater than or equal to 31
and less than or equal to 225 pounds per
square inch gauge (“psig”). 81 FR
31680, 31689-31693 (May 19, 2016).

In the test procedure final rule, DOE
limits the scope of test procedure
applicability to compressors that meet
the following criteria:

e Are air compressors;

e are rotary compressors;

e are not liquid ring compressors;

e are driven by a brushless electric
motor;

e are lubricated compressors;

¢ have a full-load operating pressure
of 75-200 psig;

e are not designed and tested to the
requirements of The American
Petroleum Institute standard 619,
“Rotary-Type Positive-Displacement
Compressors for Petroleum,
Petrochemical, and Natural Gas
Industries;” and

¢ have a capacity that is either:

O 10-200 compressor motor nominal
horsepower (hp), or

© 35-1,250 full-load actual volume
flow rate (cfm).

After considering comments received
in response to the energy conservation
standards NOPR, DOE is aligning the
scope of energy conservation standards
in this final rule to be similar, but less
broad than the aforementioned scope of
the test procedure final rule. The
following sections, III.B.1 through
II1.B.8, discuss, in detail, each scope
limitation, interested party comments,
and DOE’s conclusions.

1. Equipment System Boundary

In the energy conservation standards
NOPR, DOE proposed to limit the scope
of the standards to ““air compressors”
that compress atmospheric air and
consist of a bare compressor, driver(s),

mechanical equipment to transfer
energy from the driver to the bare
compressor, and any ancillary
equipment shipped in commerce with
the compressor. DOE also proposed
definitions for the terms “‘air
compressor,” ‘“‘bare compressor,”
“driver,” “mechanical equipment,” and
“ancillary equipment.” 81 FR 31680,
31688-31690 (May 19, 2016). DOE
received comments on its proposal to
limit the scope of the energy
conservation standards to air
compressors. These comments are
discussed in detail below.

a. Air Compressor

Generally, DOE considered and
responded to comments relating to the
definition of the term “‘air compressor”
in the test procedure final rule. Beyond
those comments considered in the test
procedure final rule, Scales Industrial
Technologies commented that there are
opportunities to improve the overall
efficiency of a compressed air system on
the demand side that should also be
considered. (EERE-2014-BT-TP-0054,
Scales Industrial Technologies, No.
0013 at p. 9)

In the energy conservation standards
NOPR, DOE discussed the possibility of
establishing standards at the
“‘compressed air system” (“CAS”) level,
but ultimately proposed standards at the
packaged compressor level for the
following reasons:

e Each CAS is often unique to a
specific installation;

e each CAS may include equipment
from several different manufacturers;
and

¢ asingle CAS can include several
different compressors, of different types,
which may all have different full-load
operating pressures. 81 FR 31680,
31689-31690 (May 19, 2016).

As discussed in the energy
conservation standards NOPR,
implementing a broader, CAS-based
approach to compressor efficiency
would require DOE to (1) establish a
methodology for measuring losses in a
given air-distribution network; and (2)
assess what certification, compliance, or
enforcement practices would be
required for a large variety of system
designs, and potential waiver criteria.
For these reasons, in the energy
conservation standards NOPR, DOE
concluded that the CAS is not a viable
equipment classification level for
coverage. DOE recognizes the argument
set forth by Scales Industrial
Technologies and does not dispute the
potential for savings beyond the
compressor package. Nonetheless, the
decision not to pursue standards at the
CAS level was made, not due to absence

of potential energy savings, but due to
impracticality of creating a single
standard and test procedure that would
apply meaningfully to the great variety
of air distribution systems. DOE
continues to conclude that the CAS is
not appropriate for this final rule.

Castair commented that the scope of
the energy conservation standards
should be limited only to air ends,
stating that the assemblers of air
compressors can do little to improve
efficiency. (Castair, No. 0045 at p. 1)

In the energy conservation standards
NOPR, DOE also discussed the
possibility of establishing standards at
the bare compressor level. Ultimately,
DOE opted not to limit standards to the
bare compressor, concluding that greater
savings were available at the packaged
compressor level. 81 FR 31680, 31689—
31690 (May 19, 2016). In response to
Castair’s comment, DOE notes that
energy savings can be achieved through
proper component selection (including
the bare compressor and driver) and
system design. For this reason, DOE
maintains the approach proposed in the
energy conservation standards NOPR
and is applying standards at the
compressor package level.

b. Ancillary Equipment

In the test procedure NOPR, DOE
proposed using the term “ancillary
equipment” to mean ‘“any equipment
distributed in commerce with an air
compressor that is not a bare
compressor, driver, or mechanical
equipment.” 81 FR 31680, 31690 (May
19, 2016). In other words, it served as
a catch-all for package components that
did not fall into another category but
were part of the package purchased by
an end user.

In the test procedure final rule, DOE
adopts a requirement different from
what DOE proposed in the test
procedure NOPR. DOE defines two lists
of equipment; the first list includes
items that must be attached during
testing, and the second list includes
items that must be attached during
testing if the package is distributed in
commerce configured as such. However,
manufacturers may opt to test with
additional equipment than is on the two
lists, at their preference.

CAGI commented that the definition
of ancillary equipment should be more
specific and provided a list of ancillary
equipment that is common and required
for safe operation of a compressor.
Ingersoll Rand, Kaeser Compressors,
Mattei Compressors, Sullair, and
Sullivan-Palatek supported the CAGI
position and list. (CAGI, No. 0052 at pp.
6—8; Ingersoll Rand, No. 0055 at pp. 1,
4; Kaeser Compressors, No. 0053 at p.1;
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Mattei Compressors, No. 0063 at p. 2;
Sullair, No. 0056 at pp. 1, 6; Sullivan-
Palatek, No. 0051 at p.1) CAGI further
commented that the list is almost
identical to the European Union’s Lot 31
Draft Ecodesign Regulation (hereafter
“Lot 31 draft regulation,” which is
discussed in section IV.C.1.b) list of
ancillary equipment, and clarified that
manufacturers should provide missing
ancillary equipment that is not installed
on their compressor for compliance and
enforcement testing. (CAGI, No. 0052 at
pp. 6-8)

Atlas Copco commented that the
definition of ancillary equipment as
proposed in both the test procedure
NOPR and the energy conservation
standards NOPR is not consistent, as the
DOE hoped, with the draft EU
standards. Atlas Copco further stated
that the definition as proposed
penalizes manufacturers who efficiently
include dryers within the design of the
compressor package. Finally, Atlas
Copco emphasizes the need for an
equitable standard for defining ancillary
equipment that allows for comparison
across units, similar to the draft EU
standards. (Atlas Copco, No. 0054 at p.
13)

DOE has considered and responded to
the preceding comments in the test
procedure final rule by adopting two
lists to describe the minimum
equipment configuration for compressor
testing. The first list contains equipment
that must be included on a unit when
testing, regardless of whether it is
distributed in commerce with the basic
model under test. This table aligns with
many of the items that CAGI specified
to be part of a standard package. The
second list contains equipment that is
only required if it is distributed in
commerce with the basic model under
test. DOE believes that it is impossible
to require that items from this second
list of ancillary equipment be connected
for testing, as many basic models do not
require some of this ancillary equipment
to achieve their basic functionality and
as adding such components would be
impossible or impractical.

ASAP, ACEEE, NEEA, NRDC, NEEP,
and ASE commented that DOE should
independently investigate the energy
consumption of ancillary equipment
that manufacturers wish to exclude,
such as dryers, as this equipment has a
significant impact on air compressor
energy efficiency. (ASAP, ACEEE,
NEEA, NRDC, NEEP, and ASE, No. 0060
at p. 4)

Dryers and other unrequired ancillary
equipment may consume significant
energy in certain applications. However,
because they are not universally
included as part of a compressor

package, DOE did not include them in
the list of equipment required for
testing. DOE may investigate the
appropriateness of test procedures for
air dryers and other unrequired
ancillary equipment—either as part of a
compressor, or separately—as part of
future rulemakings.

2. Compression Principle: Rotary and
Reciprocating Compressors

In the energy conservation standards
NOPR, DOE analyzed rotary and
reciprocating compressors as separate
equipment classes, and concluded that
each provides a distinct utility that
materially affects energy consumption.
81 FR 31680, 31697-31698 (May 19,
2016). Ultimately, DOE did not propose
energy conservation standards for
reciprocating compressors because the
energy conservation standards NOPR
analyses showed that such proposed
standards were not economically
justified. 81 FR 31680.

As discussed in the energy
conservation standards NOPR and
during the accompanying public
meeting, DOE performed the
reciprocating compressor analyses based
on a limited data set. Specifically, DOE
had limited data characterizing
reciprocating compressor performance,
manufacturer selling price,16 and
shipments in the U.S. market. 81 FR
31680, 31707, 31717, 31724 (May 19,
2016). In the energy conservation
standards NOPR, DOE put forth analysis
based on the limited data that was
available and requested both comment
and better data from interested parties
in order to strengthen its analysis.

In response, DOE received no
quantitative reciprocating compressor
data from commenters. Additionally, in
the time since the energy conservation
standards NOPR, DOE was unable to
obtain, from other sources, any
additional reciprocating compressor
data. As discussed in the energy
conservation standards NOPR, the
availability of reciprocating compressor
performance data is extremely limited.
81 FR 31680, 31707 (May 19, 2016).
This continues to remain true.
Specifically, manufacturers of
reciprocating compressors do not
typically performance test their
equipment or publish performance
information. Consequently, to collect
the performance data required to
establish energy conservation standards,
DOE will need to work with
manufacturers, independent labs, and/

16 DOE notes that it had retail price data from
online retailers, but limited direct manufacturer
selling price data. DOE did estimate manufacturer
selling price from the retail price data using
estimated markups.

or other interested parties to test and
gather such data. DOE may pursue such
avenues in the future, however at this
time DOE’s performance data remains
limited.

Sullivan-Palatek commented that
because DOE does not have performance
data on reciprocating compressors, it
should delay any decision to combine or
separate an equipment class until
reciprocating data can be collected and
analyzed. (Sullivan-Palatek, No. 0051 at

. 6)
P In the absence of new quantitative
data, DOE agrees with Sullivan-Palatek
and is not confident that the
reciprocating compressor data
underlying the energy conservation
standards NOPR analyses is sufficient to
definitively conclude, in this final rule,
that energy conservation standards for
reciprocating compressors are not
economically justifiable. Therefore, DOE
is deferring consideration of energy
conservation standards until it can
obtain performance data to assess the
possibility for economically justified
energy savings for different categories of
reciprocating compressors. DOE makes
no determination regarding such savings
in this final rule, and reiterates that
reciprocating compressors remain as
covered equipment.

Regarding reciprocating compressors,
interested parties also provided
comments related to equipment classes,
potential energy savings, substitution
risk, harmonization with the European
Union, and potential energy
conservation standard levels. These
topics are discussed in the following
sections.

a. Equipment Classes

CAG]I, Castair, and Compressed Air
Systems agreed with DOE’s conclusion
that rotary and reciprocating
compressors warranted separate
equipment classes. (CAGI, Public
Meeting Transcript, No. 0044 at p. 19;
Compressed Air Systems, No. 0061 at p.
2) Specifically, Castair stated that the
different designs of rotary and
reciprocating equipment make the
technologies better suited to continuous
and intermittent demand cycles,
respectively. (Castair, No. 0062 at p. 1)

DOE agrees with commenters that
reciprocating and rotary compressors
should be analyzed in separate
equipment classes for the reasons
presented in the energy conservations
standards NOPR, and that they carry
differential utility and ability to reach
greater efficiencies. 81 FR 31680,
31697-31698 (May 19, 2016). However,
because DOE is not establishing energy
conservation standards reciprocating
compressors in this final rule, DOE will
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not be establishing formal equipment
classes for reciprocating compressors in
this final rule. DOE may consider
CAGTI’s and Castair’s remarks in any
future rulemaking.

b. Energy Savings

ASAP and NEEA commented that the
shipment data for reciprocating
compressors led them to believe that a
large amount of energy consumption is
attributed to reciprocating compressors.
ASAP asserted that by not setting
standards for the equipment class, DOE
misses a significant opportunity to
reduce the energy consumption of
compressors. (ASAP, Public Meeting
Transcript, No. 0044 at pp. 9-10; NEEA,
Public Meeting Transcript, No. 0044 at
p. 115) Additionally, ASAP, ACEEE,
NEEA, NRDC, NEEP, and ASE
commented that DOE should reduce the
scope of compressor capacity to include
only the large reciprocating compressors
used in commercial and industrial
applications, which do not have the
low-duty cycles of the residential hobby
compressors and, therefore, should
produce a greater consumer benefit at
the proposed standard levels. (ASAP,
ACEEE, NEEA, NRDC, NEEP, ASE, No.
0060 at p. 2) The CA IOUs also cited the
missed opportunity for “significant
energy savings” as the reason to
establish a standard for reciprocating
compressors. (CA I0Us, No. 0059 at pp.
2-3)

DOE reiterates that it is not analyzing
reciprocating compressors in this final
rule due to a lack of data, but DOE may
consider comments received in any
future rulemaking.

c. Substitution Risk

ASAP, ACEEE, NRDC, NEEP, ASE,
the CA I0Us, NEEA, and NWPCC
suggested that DOE establish standards
for a subset of reciprocating
compressors, with ASAP suggesting
inclusion of large commercial and
industrial reciprocating compressors,
and NEEA and NWPCC suggesting
inclusion of reciprocating compressors
from 20 to 100 compressor motor
nominal horsepower. NEEA and
NWPCC further commented that the
absence of energy conservation
standards for reciprocating compressors
between 20 and 100 compressor motor
nominal horsepower would pose a
substitution risk due to the increased
cost of rotary compressors subject to an
energy conservation standard. (NEEA
and NWPCC, No. 0057 at p. 2)

Atlas Copco commenteg that using a
“technology approach” in establishing
the scope of an energy conservation
standards rule grants unfair advantage
to unregulated technologies at the low

and high ends of capacity ranges
covered. Specifically, Atlas Copco
asserted that turbo and piston
compressors (if not included in the DOE
test procedure and energy conservation
standards) would realize the increased
cost due to regulation, and therefore
may gain popularity over the regulated
rotary compressors. (Atlas Copco, No.
0054 at pp. 2, 11-12)

In response to Atlas Copco’s concerns
regarding unfair competition, DOE notes
that it adopts a smaller compressor
motor nominal horsepower range in the
test procedure final rule, and is also
doing so in this energy conservation
standards final rule. The new scope
alleviates Atlas Copco’s concerns, as
DOE’s research indicates that few
reciprocating compressors are offered
with a compressor motor nominal
horsepower greater than 10 hp; section
I11.B.4 provides further discussion of
this topic. In that section, DOE directly
addresses Atlas Copco’s concerns and
considers competition from unregulated
compressor technologies in determining
whether to reduce scope.

In response to NEEA and NWPCC,
DOE reviewed marketing literature of
major reciprocating compressor
manufacturers, and found that the
largest marketed reciprocating
compressor available (between 75 and
200 psig) has 30 compressor motor
nominal horsepower, with 20
compressor motor nominal horsepower
being a more typical upper limit.1”
Additionally, based on confidential
discussions with manufacturers, DOE
believes that shipments of the available
compressors with greater than or equal
to 20 hp are extremely limited. For these
reasons, DOE believes a substitution
incentive is unlikely.

d. Harmonization With the European
Union

Atlas Copco recommended that DOE
base its regulation on standard air as
defined by Lot 31, and noted that the
Lot 31 regulation is “technology
independent.” Atlas Copco clarified that
Lot 31 defines categories for standard air
compressors that group compressors
based on three flow profiles: (1) Fixed
flow, (2) variable flow, and (3)

17 See: www.quincycompressor.com/products/
reciprocating-piston/, www.saylor-beall.com/base-
mounted/, www.atlascopco.us/en-us/compressors/
products/Air-compressor/Oil-injected-rotary-screw-
air-compressor/LE-LT-industrial-oil-lubricated-
piston-compressors,
www.ingersollrandproducts.com/am-en/products/
air/small-reciprocating-air-compressors/electric-
driven-two-stage, http://usa.boge.com/artikel/
Screw_Compressors/CL.jsp?msf=
200%2C100%2C100, www.gardnerdenver.com/
gdproducts/compressors/reciprocating/r-series-low-
pressure-reciprocating-compressors/#13223.

intermittent use. Reciprocating
compressors are typically in the
intermittent use category. Atlas Copco
notes that the intermittent use category
may not be included in the Lot 31 draft
regulation due to the small potential
energy savings. (Atlas Copco, No. 0054
at p. 12)

In response to this comment, DOE
first notes that the Lot 31 draft
regulation on ‘“‘standard air
compressors’’ does not classify
compressors by “fixed flow, variable
flow and intermittent use.” Rather, the
Lot 31 draft regulation establishes and
defines two equipment groupings,
“rotary standard” and ‘‘piston standard”
air compressors, in a similar manner to
the equipment classes proposed in the
energy conservation standards NOPR.18
Further, DOE evaluated all publicly
available reports and information on the
Lot 31 website,1® and found no mention
of any regulatory approach that would
define three sub-categories of fixed flow,
variable flow and intermittent use. DOE
recognizes that work to amend the Lot
31 draft regulation may be occurring in
private. However, without any
published or publicly available
regulatory information, DOE does not
believe it is appropriate to speculate on
hypothetical decisions that the EU
regulators may make.

As aresult, DOE’s proposal in the
energy conservation standards NOPR to
separate equipment classes for
reciprocating and rotary compressors
aligns with the current published
version of the Lot 31 draft regulation,20
as the Lot 31 draft regulation proposes
different minimum energy efficiency
requirements for rotary and
reciprocating compressors. Atlas
Copco’s claim that the whole category of
intermittent use could possibly be
exempted because it has too little
savings potential also supports DOE’s
conclusion in the energy conservation
standards NOPR that reciprocating and
rotary compressors each offer distinct
utility that materially affects energy
consumption, and that these differences
necessitate separate equipment classes.
81 FR 31680, 31697-31698 (May 19,
2016).

18 For copies of the EU draft regulation:
www.regulations.gov/
contentStreamer?documentld=EERE-2013-BT-STD-
0040-
0031&disposition=attachment&content Type=pdf

19 As viewed here: www.eco-compressors.eu/
documents.htm

20For copies of the EU draft regulation:
www.regulations.gov/
contentStreamer?documentld=EERE-2013-BT-STD-
0040-
0031&disposition=attachment&contentType=pdf
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e. Potential Standards for Reciprocating
Compressors

ASAP, ACEEE, NRDC, NEEP, ASE,
NEEA and NWPCC argued that
establishing baseline standards for
reciprocating compressors would both
promote efficiency in the marketplace
and generate test data for future
rulemakings. (ASAP, Public Meeting
Transcript, No. 0044 at p. 152; NEEA
and NWPCC, No. 0057 at p. 2; ASAP,
ACEEE, NEEA, NRDC, NEEP, ASE, No.
0060 at pp. 2-3)

DOE agrees that a baseline standard
for reciprocating compressors would
generate performance data. However,
DOE reiterates that it lacks sufficient
data to conclude whether any energy
conservation standard, including a
baseline standard, would be
economically justified. Therefore, DOE
is not analyzing reciprocating
compressor in this final rule, but may
do so in a future rulemaking.

3. Driver Style

In the energy conservation standards
NOPR, DOE proposed to establish the
scope of energy conservation standards
using driver style as a differentiator.
Specifically, DOE defined the scope of
driver styles covered under the
proposed standard by only including
single-phase and three-phase brushless
electric motors. 81 FR 31680, 31691—
31692 (May 19, 2016).

The following sections discuss the
comments that DOE received regarding
the scope of drivers proposed in the
energy conservation standards NOPR.

a. Exclusion of Non-Electric Drivers

In the energy conservation standards
NOPR, DOE proposed to align the scope
of the energy conservation standards
with the scope of applicability of the
test procedure NOPR and not include
engine-driven equipment in the scope.
81 FR 31680, 31691 (May 19, 2016).

The Edison Electric Institute
expressed disappointment that the
NOPR was only focused on electric
motors and was not more fuel-neutral
with respect to compressor drivers,
pointing out the savings potential for
compressors driven by natural gas
would be high, given their usage in 2015
was 0.86 quad. (Edison Electric
Institute, Public Meeting Transcript, No.
0044 at p. 5)

In response to EEI's comment, engine-
driven compressors were considered in
the February 5, 2014 Framework
document for compressors and
discussed extensively in the May 5,
2016 test procedure NOPR. 79 FR 6839
and 81 FR 27220. Specifically, in the
test procedure NOPR, DOE concluded

that the inclusion of engine-driven
compressors was not appropriate for
various reasons, including their
differing utility compared to electric
compressors, their existing coverage
under the U.S. Environmental
Protection Agency’s Tier 4 emissions
regulations, and the limited test data
available under Annex D of ISO
1217:2009 to verify suitability as a DOE
test procedure. For these reasons, DOE
noted that engine-driven compressors
would more appropriately be
considered as part of a future
rulemaking. 81 FR 27220, 27229 (May 5,
2016).

DOE continues to conclude that
engine-driven compressors are unique
equipment with different performance,
applications, and test requirements from
compressors driven by electric motors.
As aresult, DOE continues to conclude
engine-driven compressors would be
more appropriate to address as part of
a separate rulemaking specifically
considering such equipment. DOE is
limiting the scope of this final rule to
only compressors driven by electric
motors.

b. Exclusion of Brushed Motors

In the energy conservation standards
NOPR, DOE proposed to align with the
scope of applicability of the test
procedure NOPR and only include those
compressors that are driven by
brushless motors in the scope. 81 FR
31680, 31692 (May 19, 2016).

The CA I0Us commented that DOE
should cover brushed motors in
addition to brushless motors, citing the
potential loophole of a market shift
toward unregulated brushed motors and
the higher potential for energy savings
as reasons for their inclusion. (CA IOUs,
No. 0059 at p. 3)

DOE reiterates that brushed motors
are uncommon in compressors with
significant potential energy savings (i.e.,
high operating hours) due to higher
maintenance costs, short operating lives,
significant acoustic noise, and electrical
arcing. For these reasons, DOE
concludes that brushed motors are not
a viable substitution risk for
compressors within the scope of the
compressor test procedures. DOE is
continuing to exclude compressors
driven by brushed motors from the
scope of this final rule.

c. Exclusion of Single-Phase Motors

In the energy conservation standards
NOPR DOE proposed a standard that
was applicable to both single- and three-
phase rotary compressors, while
acknowledging that compressors with
single-phase motors may be less

efficient. 81 FR 31680, 31691-31692
(May 19, 2016).

Castair commented that single-phase
motors should be excluded from the
scope of the standard because of their
small sales volume. Castair argued that
single-phase compressors comprise a
small portion of the market, three-phase
compressor offerings are expanding, and
customers that do not have three-phase
power typically cannot afford to install
three-phase power. (Castair, No. 0062 at
p. 1) Sullair also recommended that
DOE limit the scope of the energy
conservation standards to compressors
with compressor motor nominal
horsepower greater than 10 hp, but only
cited the simplicity of reducing the
number of equipment classes and
solving the issue of single-phase rotary
compressors. (Sullair, No. 0056 at pp. 7—
8)

Sullivan-Palatek suggested that DOE
limit the scope of the energy
conservation standard to compressors
with compressor motor nominal
horsepower greater than 10 hp.2?
According to Sullivan-Palatek, limiting
the scope of the energy conservation
standard to compressors with
compressor motor nominal horsepower
greater than 10 hp would eliminate
single-phase compressors from the
scope of the standards and eliminate the
risk of product substitution of
unregulated reciprocating and scroll
compressors. (Sullivan-Palatek, No.
0051 at p. 6; Sullivan-Palatek, No. 0051
atp. 7)

Sullair commented that, although
single-phase and three-phase
compressor packages are mostly
identical, the motor and electrical
equipment (e.g., the starter) differ.
Sullair also stated that the customer
decision in choosing a single-phase or
three-phase compressor is driven by the
electrical supply at the installation
location; customers are not incentivized
to purchase a single-phase motor as the
installation cost is typically higher than
an equivalent three-phase motor when
three-phase power facility is available at
the installation point. (Sullair, No. 0056
at pp. 7-8)

Ingersoll Rand requested that DOE
exclude single-phase compressors if
DOE intends to include compressors
with a compressor motor nominal
horsepower of less than 10 hp. Ingersoll
Rand stated that single-phase
compressors are purchased out of utility
need and do not have the same energy
efficiency potential as three-phase

21 Sullivan-Palatek’s comment included
recommendations for a scope of both greater than
or equal to 10 nominal hp, and greater than 10
nominal hp.
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compressors in that compressor motor
nominal horsepower range. Ingersoll
Rand comments that regulating single-
phase compressors under 10 nominal hp
would penalize small businesses by
requiring the purchase of a more
expensive compressor, or requiring the
conversion of its existing power supply
to three-phase power. (Ingersoll Rand,
No. 0055 at p. 5)

As discussed in section III.B.4 of this
document, DOE is limiting the scope of
this final rule to compressors with
compressor motor nominal horsepower
of 10 hp or greater. For compressor
packages that are within this
compressor motor nominal horsepower
range and available in single- and three-
phase variations through online
retailers, DOE found single-phase
compressors offered at a similar price,
or more expensive than comparable
three-phase models. Additionally, DOE
acknowledges Sullair’s comment that,
when three-phase power is available,
installation costs for a single-phase
compressors may be higher. Based on
the similar prices DOE found through
retailers, and the potential higher
installation costs for single-phase
compressors, DOE agrees with Sullair’s
comment that there is not an incentive
to choose single-phase equipment
instead of three-phase equipment.
Therefore, DOE is limiting the scope of
this final rule to compressors with
three-phase motors. With the reduction
of scope to include only three-phase
compressors of 10 nominal hp or
greater, Ingersoll Rand’s concern
regarding single-phase compressors of
10 nominal hp or less is no longer
applicable.

DOE also received the following
comments regarding the separation of
equipment classes. Because single-phase
compressors are not included within the
scope of the standards established by
this final rule, these comments are no
longer relevant.

Castair, Compressed Air Systems, and
Sullair both supported the creation of
equipment classes based on motor phase
count. Compressed Air Systems argued
that single-phase compressors should be
separated from three-phase compressors
because there is little data available for
single-phase compressors to make an
informed decision. Furthermore,
Compressed Air Systems argued that a
single-phase compressor would not be
able to meet a three-phase standard.
(Compressed Air Systems, No. 0061 at

.2)

Sullair made several arguments to
support establishing equipment classes
based on motor phase count. First,
Sullair argued that the availability of
premium efficiency single-phase motors

is limited, resulting in difficulty in
sourcing motors that would meet an
energy efficiency standard. Sullair also
stated that the customer decision in
choosing a single-phase or three-phase
compressor is driven by the electrical
supply at the installation location; and
as noted previously, customers are not
incentivized to purchase a single-phase
motor as the installation cost is typically
higher than an equivalent three-phase
motor, when three-phase power is in the
facility. Finally, Sullair stated there is a
risk of product substitution to
unregulated single-phase products, such
as reciprocating or scroll compressors, if
DOE adopts one standard for single- and
three-phase rotary compressors. Sullair
argued that manufacturers will likely
stop producing single-phase rotary
compressors due to the unfair
competitive disadvantage relative to
competing technologies. (Sullair, No.
0056 at pp. 7-8; Sullair, Sullair, Public
Meeting Transcript, No. 0044 at p. 60;
Sullair, Public Meeting Transcript, No.
0044 at p. 27)

Sullivan-Palatek supported separating
single-phase and three-phase
compressors into two separate
equipment classes, but also commented
that limiting the scope would eliminate
the need to create equipment classes for
reciprocating and rotary compressors.
(Sullivan-Palatek, No. 0051 at pp. 6-7)

With respect to consumer utility, a
prime consideration in the
establishment of equipment classes,
Sullivan-Palatek stated that any
application that can support three-phase
power can also support single-phase
power, but that the reverse is not true.
(Sullivan-Palatek, Public Meeting
Transcript, No. 0044 at p. 27)

As noted in this section, the matter of
equipment classes by phase count is no
longer applicable due to DOE’s decision
in limiting scope to compressors with
three-phase motors. DOE may consider
standards for single-phase equipment in
a future rule.

4. Compressor Capacity

In the energy conservation standards
NOPR, DOE proposed to limit the scope
of compressors energy conservation
standards to compressors with
compressor motor nominal horsepower
greater than or equal to 1, and less than
or equal to 500 hp. In that NOPR, DOE
also reasoned that the compressor
industry typically used ‘“nominal”
motor horsepower as a descriptor of
compressor capacity. 81 FR 31680,
31692-31693 (May 19, 2016).

DOE received a number of comments
in response to the proposed compressor
capacity limitations. Commenters raised
concerns regarding two facets of the

compressor capacity scope: (1) The
compressor motor nominal horsepower
range included in the scope and (2) the
coupling of compressor motor nominal
horsepower and actual volume flow rate
in the scope definition. These comments
are discussed in sections III.B.4.a and
II.B.4.b of this document.

a. Compressor Motor Nominal
Horsepower Range

Interested parties commented broadly
on compressor motor nominal
horsepower scope. ASAP, ACEEE,
NEEA, NRDC, NEEP, ASE and the CA
I0Us supported the proposed
horsepower scope limitations. (ASAP,
ACEEE, NEEA, NRDC, NEEP, ASE, No.
0060 at p. 4; CA IOUs, No. 0059 at p.

3)

CAGI suggested a compressor motor
nominal horsepower range of 10 to 200
hp. (CAGI, No. 0052 at p. 9) Ingersoll
Rand,22 Kaeser Compressors, Mattei
Compressors, Sullair, and Sullivan-
Palatek commented in support of
CAGTI’s recommendations. (Ingersoll
Rand, No. 0055 at p. 1; Kaeser
Compressors, No. 0053 at p. 1; Mattei
Compressors, No. 0063 at p. 2; Sullair,
No. 0056 at pp. 1, 9-10; Sullivan-
Palatek, No. 0051 at p. 1)

Scales Industrial Technologies
suggested a compressor motor nominal
horsepower scope of 15 hp to 200 or 250
hp. (EERE-2014-BT-TP-0054, Scales
Industrial Technologies, No. 0013 at p.
3) Atlas Copco stated that it had no
objection to inclusion of compressors of
greater than 500 nominal hp, with no
upper limit specified. (Atlas Copco, No.
0054 at p. 13)

Interested parties also provided a
variety of specific rationales to support
their recommendations. DOE grouped
the specifics of interested party
comments into six categories: Data
scarcity, substitution incentive,
certification, consistency with the
European Union, and energy savings.
The following sections discuss these
comments.

Data Scarcity

CAGI noted the scarcity of compressor
data above a compressor motor nominal

22DOE notes that in response to the 2012
proposed determination of coverage, Ingersoll Rand
commented that a number of small compressors
(retail, consumer or commercial-based) are sold in
the US market, but may not have a significant
impact of energy savings if included in this
rulemaking; further, the costs associated with
coverage would have to be passed to the consumer
as the profit margins are low for this type of
compressor. (Docket No. EERE-2012-BT-DET—
0033, Ingersoll Rand, No. 0004 at pp. 2—-3) DOE
views Ingersoll Rand’s more recent 2016 test
procedure NOPR comments as superseding the
views presented in response to the 2012 proposed
determination of coverage.



Federal Register/Vol.

85, No. 7/Friday, January 10, 2020/Rules and Regulations

1517

horsepower of 200 hp, citing that 200 hp
is the upper limit of the CAGI
Performance Verification Program.
Ingersoll Rand, Kaeser Compressors,
Mattei Compressors, Sullair, Sullivan-
Palatek supported CAGI’s position.
(CAGI, No. 0052 at p. 9; CAGI, No. 0052
at p. 9; Ingersoll Rand, No. 0055 at p.
1; Kaeser Compressors, No. 0053 at p. 1;
Mattei Compressors, No. 0063 at p. 2;
Sullair, No. 0056 at p. 1; Sullivan-
Palatek, No. 0051 at pp. 1, 6) The
commenters argued that DOE’s
regression curves, which were used to
establish efficiency levels and trial
standard levels, were created with data
that is not readily available for larger
(above 200 nominal hp) or smaller
(below 10 nominal hp) compressors,
and that the regression curves are not
appropriate above 200 nominal hp. In
response to the 2012 proposed
determination of coverage, NEEA
commented that performance testing at
horsepower levels below 15 was rare
and that corresponding data is
unreliable. (Docket No. EERE-2012-BT—
DET-0033, NEEA, No. 0010 at p. 1).
Although compressors with a
compressor motor nominal horsepower
greater than 200 hp may publish
performance data using CAGI data
sheets, Sullair noted that these
compressors do not formally participate
in the Performance Verification Program
and are not subject to independent
testing, and the data associated with
those compressors is posted voluntarily
and not subject to verification. (EERE—
2014-BT-TP-0054, Sullair, Public
Meeting Transcript, No. 0016 at p. 52)
As a result, DOE does not view such
data as suitable to establish an energy
conservation standard without further
investigation. For this reason, and
others outlined in the upcoming
sections, DOE is not including
compressors outside the range of 10-200
compressor motor nominal horsepower
in the scope this energy conservation
standards final rule. DOE may explore
standards for compressors outside the
range of 10-200 compressor motor
nominal horsepower, in a future
rulemaking.

Substitution Incentive

CAGI, Sullair, Kaeser Compressors,
and Sullivan-Palatek suggested a
compressor motor nominal horsepower
range of 10 to 200 hp. They reasoned
that the proposed scope in the energy
conservation standards NOPR would
create an unfair competitive advantage
for certain unregulated equipment
below 10 nominal hp and over 200
nominal hp. They believe that this
competitive advantage could translate to
a risk of product substitution from

unregulated equipment. The
commenters specified scroll and
reciprocating equipment as possible
competition below 10 nominal hp and
centrifugal equipment above 200
nominal hp. (CAGI, No. 0052 at p. 9;
Kaeser Compressors, No. 0053 at p. 1;
Sullair, No. 0056 at pp. 8—12; Sullair,
Public Meeting Transcript, No. 0044 at
pp- 129-130) Ingersoll Rand and Mattei
Compressors commented in support of
CAGTI’s recommendations. (Ingersoll
Rand, No. 0055 at p. 1; Mattei
Compressors, No. 0063 at p. 2)

DOE agrees that inclusion of small
(less than 10 nominal hp) and larger
(greater than 200 nominal hp) rotary
compressors could create a competitive
disadvantage for manufacturers of rotary
compressors. Currently, without any
energy conservation standards in place,
rotary, centrifugal, reciprocating, and
scroll compressors compete with each
other over certain overlapping
compressor motor nominal horsepower
ranges. Adopting standards for rotary
compressors alone, in these overlapping
nominal horsepower ranges, may
disturb the competitive equilibrium.
The costs associated with regulation
may give the manufacturers of
unregulated equipment (e.g., centrifugal,
scroll, reciprocating) a competitive
advantage, and allow them to
incentivize end users to switch from a
regulated (rotary) to an unregulated
compressor, diminishing the impact of
the proposed standard.

For this reason, and others outlined in
the preceding and upcoming sections,
DOE is not including compressors
outside the range of 10 to 200
compressor motor nominal horsepower
in the scope of this energy conservation
standard final rule.

Certification, Sampling, and
Enforcement

Commenters argued against standards
for compressors with a compressor
motor nominal horsepower greater than
200 hp because of substantial difficulty
with sampling and enforcement. Basic
models in this range are highly
customized and carry low (and
sometimes zero, over a period)
production volumes. (CAGI, No. 0052 at
p- 9; Sullair, No. 0056 at pp. 8-10)
Sullair commented that testing costs for
units of greater than 200 nominal hp are
large relative to those of smaller
compressors. (Sullair, Public Meeting
Transcript, No. 0044 at pp. 129-130)
Ingersoll Rand, Kaeser Compressors,
Mattei Compressors, and Sullivan-
Palatek commented in support of
CAGTI’s recommendations. (Ingersoll
Rand, No. 0055 at p. 1; Kaeser
Compressors, No. 0053 at p. 1; Mattei

Compressors, No. 0063 at p. 2; Sullivan-
Palatek, No. 0051 at p. 1)

In arguing against standards for
compressors of less than 10 nominal hp,
Sullair cited the relatively high cost of
certification and testing. Sullair argued
the cost certification and testing for this
type of compressor may be more than 60
percent of the manufacturer selling
price (“MSP”) of the compressor unit.
(Sullair, No. 0056 at pp. 11-12)

In general, DOE agrees with the
concerns that the representations,
sampling, and enforcement provisions
proposed in the test procedure NOPR
may cause significant burden for
compressors greater than 200 nominal
hp, as many of the larger compressor
motor nominal horsepower models are
infrequently built and often unavailable
for testing. However, regarding
compressors of less than 10 nominal hp,
DOE asserts that testing cost as a
percentage of MSP is not an appropriate
metric to evaluate the economic
justification of test procedures or energy
conservation standard. According to the
test procedure final rule, each basic
model must test a minimum of two
unique models (or use an alternative
efficiency determination method,
“AEDM”) to determine compliance.
DOE does not require performance or
certification testing for all units
distributed in commerce. The upfront
costs associated with certifying a basic
model amortize over all shipments of
that basic model, and the ratio of initial
testing cost to MSP have no bearing on
the overall impact to manufacturers.
DOE assesses the specific impacts of
certification testing costs (and other
upfront conversion costs) in detail in
section IV.].2.c of this document.

For this reason, and others outlined in
the preceding and upcoming sections,
DOE is not including compressors with
greater than 200 compressor motor
nominal horsepower in the scope this
energy conservation standards final
rule.

Consistency With European Union

Atlas Copco expressed support for
expanding the scope of covered
compressor motor nominal horsepower
to include all compressors above 500
hp, noting that this would be consistent
with the draft EU standards for
compressors, which proposed no upper
limit of scope for coverage. (Atlas
Copco, No. 0054 at p. 13)

Although the draft EU standards for
compressors do not limit applicability
based on motor power per se, DOE notes
that the motor horsepower is
constrained implicitly by the explicit
limitations on pressure and flow.
Interaction between flow and
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compressor motor nominal horsepower
is discussed further in section II1.B.4.b
of this document.

Generally, DOE recognizes the value
of aligning requirements with other
major regulatory bodies, but DOE will
always evaluate alignment on a case-by-
case basis. In this particular case, DOE
does not view the harmonization benefit
associated with coverage of compressor
motor nominal horsepower levels
greater that 200 as outweighing the
burdens. The burdens, as discussed in
the previous subsections, include risks
of forming a standard based on
insufficient data, creating market
incentive to substitute to unregulated
technologies less than 10 nominal hp or
greater than 200 nominal hp, and
imposing undue sampling and
certification burden on low-volume
compressor models. As a result, DOE
does not find alignment with the
European Union scope limitation to be
appropriate in this case.

Energy Savings

In response to the test procedure
NOPR, Sullair stated that the number of
units and associated potential energy
savings above 200 nominal hp are too
small to warrant inclusion of those
compressors within the test procedure
applicability. (EERE-2014-BT-TP-
0054, Sullair, No. 0006 at p. 2) In
response to the energy conservation
standards NOPR, CAGI and Sullair cited
the relatively low number of shipments
above 200 nominal hp as a reason to
reduce the scope of the energy
conservations standards. (CAGI No.
0052 at p. 9; Sullair, No. 0056 at pp. 9—
10) Similarly, the People’s Republic of
China questioned the justification for
including compressors with low
compressor motor nominal horsepower
and, consequently, a low potential for
energy savings, into the scope of the
standard. (EERE-2014-BT-TP-0054, P.
R. China, No. 0019 at p. 3)

Other commenters argued that DOE
should maintain the scope as proposed.
ASAP, ACEEE, NEEA,23 NRDC, NEEP,
and ASE supported the proposed
compressor motor nominal horsepower
scope limitations. ASAP, ACEEE, NEEA,

23DOE notes that in response to the 2012
proposed determination of coverage, NEEA urged
DOE to cover compressors <15 hp, stating that this
range represented commodity-type compressors
purchased without consideration of operating cost
and, therefore, offering the opportunity for
substantial energy savings. (NEEA, No. 0010 at p.
1) Further, NEEA stated that performance testing in
this horsepower range was rare or unreliable.
(Docket No. EERE-2012-BT-DET-0033, NEEA, No.
0010 at p. 1) DOE views NEEA’s more recent 2016
test procedure NOPR comments as superseding the
views presented in response to the 2012 proposed
determination of coverage.

NRDC, NEEP and ASE stated that 5-
percent and 7-percent of the fixed-speed
and variable-speed compressor markets,
respectively, would not be covered if
the scope was limited to a maximum of
200 nominal hp. ASAP ACEEE, NEEA,
NRDC, NEEP and ASE further
commented that the higher nominal
horsepower units represent even greater
energy savings potential on a per-unit
basis given their energy consumption.
(ASAP, ACEEE, NEEA, NRDC, NEEP,
ASE, No. 0060 at p. 4)

The CA IOUs supported the proposed
range of 1-500 nominal hp, which
aligns with the motors rulemaking, but
encouraged DOE to expand the scope of
coverage beyond 500 nominal hp to
maximize the potential energy savings
of the proposed rulemaking. (CA I0Us,
No. 0059 at p. 3)

DOE evaluated the impact of reducing
compressor motor nominal horsepower
scope to the level recommended by
CAGI, Kaeser Compressors, Ingersoll
Rand, and Sullivan-Palatek (i.e., 10-200
hp), and estimates that adopting this
scope would retain 96.6 percent of the
energy savings of the proposed 1-500
hp range. For compressors removed
from scope at lower capacities, the low
impacts are the result of smaller
compressor capacities. For those
removed from scope at the higher
capacities, the low impacts are the
result of extremely low shipments.

Conclusion

As noted previously in this section,
DOE received multiple comments
regarding the scope of compressor motor
nominal horsepower that should be
included in this final rule. CAGI, Kaeser
Compressors, Ingersoll Rand, Mattei
Compressors, Sullair, and Sullivan-
Palatek recommended 10 to 200
nominal hp and Scales Industrial
Technologies recommended 15 to 200 or
250 nominal hp. Alternatively, ASAP,
ACEEE, NEEA, NRDC, NEEP, and ASE
supported the proposed horsepower
scope limitations, while Atlas Copco
and the CA IOUs stated that they had no
objection to inclusion of compressors of
greater than 500 nominal hp, with no
upper limit specified.

In this section, DOE reviewed the
recommendations and the justifications
provided by commenter, and responded
to each. In summary, the
aforementioned data scarcity,
substitution incentives, certification
costs, and limited available shipments
and energy savings for compressor
outside the 10 to 200 compressor motor
nominal horsepower range all
contribute to DOE’s decision to limit the
scope of the energy conservation
standards, in this final rule, to

compressors of 10 to 200 nominal hp. In
conjunction with the limit of
compressor motor nominal horsepower
range, DOE also establishes a limit on
compressor full-load actual volume flow
rate as discussed in section III.B.4.b of
this document.

b. Coupling of Compressor Motor
Nominal Horsepower and Actual
Volume Flow Rate in the Scope
Definition

In addition to comments regarding
potential horsepower limitations, CAGI
and Sullair suggested establishing scope
by limiting both compressor motor
nominal horsepower and flow. In other
words, a compressor would be subject to
standards if it falls within either a given
horsepower range or within a given flow
range (or both). Specifically, CAGI
supported an airflow limitation of 35 to
1,250 cfm, inclusive, while Sullair
supported an airflow limitation of 30 to
1,250 cfm, inclusive. CAGI reasoned
that an airflow range will prevent
manufacturers possibly altering
horsepower ratings at the margins in
order to move compressors out of the
scope of energy conservation standards.
Sullair expanded upon this reasoning,
and commented that a manufacturer
may be encouraged to add a nominally
larger horsepower motor to circumvent
the standards. (CAGI, No. 0052 at p. 9;
Sullair, No. 0056 at pp. 9-10, 11-12, 13)
Ingersoll Rand, Kaeser Compressors,
Mattei Compressors, and Sullivan-
Palatek commented in support of
CAGTI’s recommendations. (Ingersoll
Rand, No. 0055 at p. 1; Kaeser
Compressors, No. 0053 at p. 1; Mattei
Compressors, No. 0063 at p. 2; Sullivan-
Palatek, No. 0051 at p. 1)

DOE agrees with CAGI and Sullair
that, by not limiting flow rate,
manufacturers could conceivably
circumvent compressor regulations by
using a motor of horsepower slightly
greater than 200 hp. For example, two
similar compressors, one with a 200 hp
motor and one with a 225 hp motor,
would supply nearly identical flow rates
and pressure (i.e., utility) to the end
user; however the one with the 225 hp
motor would not be subject to proposed
standards or proposed test procedures.
In contrast, any alterations in flow rate
would directly impact consumer utility.

A review of all available CAGI
performance data sheets indicates that
the flow rate ranges recommended by
CAGI and Sullair are reasonable. The
full-load actual volume flow rate range
of 35 to 1,250 cfm, inclusive, is slightly
broader than the compressor motor
nominal horsepower range of 10 to 200
hp; i.e., the flow range encompasses
slightly more compressors models. This
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aligns with the intent of the
recommendations put forth by CAGI
and Sullair. Specifically, the full-load
actual volume flow rate range of 35 to
1,250 cfm includes 9.2-percent more
fixed-speed compressors and 2.9-
percent more variable-speed
compressors in the scope of the
rulemaking.

For the reasons outlined in this
section (i.e., reduction of circumvention
risk and the reasonable nature of the
ranges proposed), in this final rule, DOE
adopts a coupled airflow and
compressor motor nominal horsepower
limit, as recommended by Sullair and
CAGI. DOE notes that the
recommendations from Sullair and
CAGI are not completely aligned, with
Sullair recommending a lower limit of
30 cfm and CAGI recommending a
lower limit of 35 cfm. Given general
support by Ingersoll Rand, Kaeser
Compressors, and Sullivan-Palatek for
CAGI’s recommendations, DOE is
adopting the higher limit of 35 cfm.
Specifically, energy conservation
standards apply to compressors with
either a compressor motor nominal
horsepower of 10 to 200 hp, or a full-
load actual volume flow rate of 35 to
1,250 cfm.

5. Full-Load Operating Pressure

In the energy conservation standards
NOPR, DOE proposed to limit the scope
of the standard to compressors with full-
load operating pressures between 31
psig and 225 psig. DOE chose the
proposed full-load operating pressure
scope to align with the test procedure
NOPR, noting that equipment outside of
that pressure range generally represents
a low sales volume, specialized
equipment type for applications that do
not often overlap with what is generally
considered in the market to be
industrial air. 81 FR 31680, 31693 (May
19, 2016). In the energy conservation
standards NOPR, DOE also concluded
that isentropic efficiency is
approximately invariant with pressure
over the pressure range under
consideration and, as a result, DOE used
data from equipment with full-load
operating pressures between 31 and 225
psig to establish efficiency levels for
each equipment class. 81 FR 31680,
31705 (May 19, 2016). In the test
procedure final rule, DOE restricts the
scope of applicability of the test
procedure to compressors with full-load
operating pressures between 75 and 200
psig. DOE may not establish energy
conservation standards for equipment
that does not have an established test
procedure. For this reason, DOE may
only consider energy conservation
standards for equipment with full-load

operating pressures between 75 and 200
psig in this final rule.

In response to DOE’s energy
conservation standards proposal, CAGI
and Jenny Products commented that a
pressure range between 75 and 200 psig
is appropriate for the scope of the
standard. Jenny Products stated that
most air compressors are used in the
80-125 psig range, and that some are
used in the 125-175 psig range;
therefore a range of 75-200 psig would
include almost all commercially
available compressors built today.
(EERE-2014-BT-TP-0054, Jenny
Products, No. 0020 at p. 3) CAGI
reasoned that package isentropic
efficiency is relatively independent of
pressure between 75 and 200 psig, and
this range represents the largest segment
of the industry. (CAGI, No. 0052 at pp.
9-10) CAGI’s statement aligns with its
comment on the breakdown of output
pressures in the rotary compressors
market, which was discussed in the
NOPR as:

e Approximately 4.4 to 30 pounds per
square inch gauge (psig) (pressure ratio
greater than 1.3 and less than or equal
to 3.0): The compressors industry
generally refers to these products as
blowers—a term DOE is considering
defining as part of its fans and blowers
rulemaking (Docket No. EERE-2013—
BT-STD-0006). The majority of these
units are typically distributed in
commerce as bare compressors and do
not include a driver, mechanical
equipment, or controls.

e 31 to 79 psig (pressure ratio greater
than 3.1 and less than or equal to 6.4):
There are relatively few compressed air
applications in this pressure range,
contributing to both low product
shipment volume and low annual
energy consumption.

e 80 to 139 psig (pressure ratio greater
than 6.4 and less than or equal to 10.5):
This range represents the majority of
general compressed air applications,
shipments, and annual energy use.

e 140 to 215 psig (pressure ratio
greater than 10.5 and less than or equal
to 15.6): This range represents certain
specialized applications, relatively
lower sales volumes and annual energy
consumption when compared to the 80
to 139 psig rotary compressor segment.

e Greater than 215 psig (pressure ratio
greater than 15.6): This range represents
even more specialized applications,
which require highly engineered rotary
compressors that vary based on each
application. 81 FR 31680, 31693 (May
19, 2016).

Ingersoll Rand, Kaeser Compressors,
Mattei Compressors, Sullair, and
Sullivan-Palatek commented in support
of CAGI's recommendations. (Ingersoll

Rand, No. 0055 at p. 1; Kaeser
Compressors, No. 0053 at p. 1; Mattei
Compressors, No. 0063 at p. 2; Sullair,
No. 0056 at p. 1; Sullivan-Palatek, No.
0051 at p. 1)

Sullair commented that isentropic
efficiency is independent of pressure
across the range of 80-200 psig, which
is nearly the same as the 75—200 range
suggested by Ingersoll Rand, Kaeser
Compressors, Sullivan-Palatek, and by
Sullair, itself, indirectly in support of
CAGI’s comments. (Sullair, No. 0056 at
p. 15).

Alternatively, Atlas Copco suggested
that 80 to 170 psig (7 to 15 bar) [sic] as
range where the dependence of
isentropic efficiency on outlet pressure
is limited, which is in alignment with
the limited pressure range covered by
the EU Lot 31 draft regulation. (Atlas
Copco, No. 0054 at pp. 19-20) However,
DOE believes that Atlas Copco’s unit
conversions were inaccurate and thus,
the suggested range does not align with
the scope proposed in the EU Lot 31
draft regulation. Based these
ambiguities, DOE cannot directly
consider Atlas Copco’s recommendation
when considering the range where
package isentropic efficiency can be
considered independent of full-load
operating pressure. For this reason, DOE
defers to the recommendation of CAGI,
Ingersoll Rand, Sullivan-Palatek, and
Sullair, and concludes that package
isentropic is relatively independent of
full-load operating pressure at full-load
operating pressures between 75 and 200
psig.

As a result, in this final rule, DOE is
establishing the broadest scope of
applicability of standards that is
possible, under the current test
procedure, i.e. a full-load operating
pressure of 75 to 200 psig.

6. Lubricant Presence

In the energy conservation standards
NOPR, DOE proposed to include
lubricant-free compressors in the scope
of the standards. However, DOE
recognized differences in design,
efficiency, cost, and utility for lubricant-
free compressors when establishing
separate equipment classes for
compressors based on lubricant
presence. 81 FR 31680, 31698 (May 19,
2016). DOE proposed, in the energy
conservation standards NOPR, a “new
standards at baseline” standard for
lubricant-free compressors. This
baseline would not have resulted in
national energy savings, as reflected in
the national impact analysis (“NIA”),
but would have prevented potential
new, less efficient equipment from the
entering the market and potentially
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increasing future national energy
consumption. 81 FR 31680, 31736.

In the test procedure final rule, DOE
excludes lubricant-free compressors
from the scope of test procedures based
on three general reasons: (1) The lack of
applicability of the test method and
metric proposed in the test procedure
NOPR; (2) the desire to retain the
opportunity to harmonize with the
European Union regulatory process for
the benefit of manufacturers and
consumers; and (3) to avoid creating an
incentive to substitute unregulated
technologies (such as dynamic) for
regulated lubricant-free compressors.

Because there is no test procedure for
lubricant-free compressors, DOE cannot
consider energy conservation standards
for this equipment, in this final rule.
DOE is making no determination of the
technological feasibility or economic
justification of potential standards for
lubricant-free compressors in this final
rule. DOE may evaluate standards for
lubricant-free compressors in the future,
if an appropriate test procedure can be
developed.

Although DOE is unable to consider
energy conversation standards for
lubricant-free compressors, at this time,
the following subsections summarize
relevant interested party comments.
DOE may consider these comments if it
chooses to pursue energy conservations
for lubricant-free equipment in the
future. In reviewing the comments, DOE
observed that comments tended to fall
into one of three groups. One group of
comments focused on a lack of available
performance data to inform the
establishment of a standard. A second
group focused on a possible unfair
advantage conferred to substitute
products outside of DOE’s scope of
standards. The final group of comments
focused on the benefits of harmonizing
standards with those proposed in the
European Union.

Scarcity of Data

In response to the energy conservation
standards NOPR, ASAP, ACEEE, NEEA,
NRDC, NEEP, and ASE noted that
lubricant-free compressors serve
specialized applications and are less
common, which makes establishing a
standard difficult in the absence of data.
However, ASAP, ACEEE, NEEA, NRDC,
NEEP, and ASE suggested that DOE
include lubricant-free compressors
within the scope of the final rule, as the
data gathered to certify these
compressors will provide useful
information for future rulemakings. To
balance those two considerations,
ASAP, ACEEE, NEEA, NRDC, NEEP and
ASE suggested setting the energy
conservation standards for lubricant-free

compressors at efficiency level zero.
(ASAP, ACEEE, NEEA, NRDC, NEEP,
ASE, No. 0060 at p. 4)

Kaeser Compressors and Sullair also
commented that there were a limited
number of data points available for
lubricant-free compressors, with Sullair
commenting that there are few
manufacturers of this type of equipment
that participate in the CAGI
Performance Verification Program.
Kaeser Compressors further stated that
the lack of data makes the regression
curves for the efficiency levels look
possibly inaccurate toward the lower
end of the covered airflow range, and
that it preferred to wait until the EU
finishes its assessment of lubricant-free
compressors. (Kaeser Compressors, No.
0053 at p. 1; Kaeser Compressors, Public
Meeting Transcript, No. 0044 at pp. 56—
57; Sullair, Public Meeting Transcript,
No. 0044 at pp. 31-32)

CAGI commented that DOE should
exclude lubricant-free compressors in
the scope of the final rule due to the
limited compressor performance data
available to inform a standard. (CAGI,
No. 0052 at p. 12) Ingersoll Rand, Kaeser
Compressors, Mattei Compressors,
Sullair, and Sullivan-Palatek
commented in support of CAGI’s
recommendations. (Ingersoll Rand, No.
0055 at p. 1; Kaeser Compressors, No.
0053 at p. 1; Mattei Compressors, No.
0063 at p. 2; Sullair, No. 0056 at p. 1;
Sullivan-Palatek, No. 0051 at p. 1)

Substitution Incentive

CAGI commented that DOE should
exclude lubricant-free compressors in
the scope of the final rule in order to
reduce risk of product substitution to
unregulated technologies, such as
dynamic compressors above a
compressor motor nominal horsepower
of 150 hp. (CAGI, No. 0052 at p. 12)
Ingersoll Rand, Kaeser Compressors,
Mattei Compressors, Sullair, and
Sullivan-Palatek supported CAGI’s
comments. (Ingersoll Rand, No. 0055 at
p- 1; Kaeser Compressors, No. 0053 at p.
1; Kaeser Compressors, No. 0053 at p. 1;
Mattei Compressors, No. 0063 at p. 2;
Sullair, No. 0056 at p. 1; Sullivan-
Palatek, No. 0051 at p. 1)

Harmonization With European Union

Ingersoll Rand commented that DOE
should consider waiting to revise the
efficiency levels for lubricant-free
compressors until the draft EU
standards for lubricant-free compressors
are published. Ingersoll Rand also
stated, however, that it did not oppose
efficiency level zero, which DOE
proposed in the energy conservation
standards NOPR. (Ingersoll Rand, No.
0055 at p. 4)

CAGI also commented that DOE
should exclude lubricant-free
compressors in the scope of the final
rule in order to preserve opportunity to
align with EU once the EU establishes
standards for lubricant-free
compressors. (CAGI, No. 0052 at p. 12)
Ingersoll Rand, Kaeser Compressors,
Mattei Compressors, Sullair, and
Sullivan-Palatek supported CAGI’s
comments. (Ingersoll Rand, No. 0055 at
p- 1; Kaeser Compressors, No. 0053 at p.
1; Mattei Compressors, No. 0063 at p. 2;
Sullair, No. 0056 at p. 1; Sullivan-
Palatek, No. 0051 at p. 1)

Conclusion

As noted earlier in this section, DOE
is not adopting standards for lubricant-
free compressors because no test
procedure exists. DOE is making no
determination of the technological
feasibility or economic justification of
potential standards for lubricant-free
compressors in this final rule. DOE may
evaluate standards for lubricant-free
compressors in a future rule.

7. Water-Injected Compressors

DOE is aware that some compressors
inject water into the compression
chamber, in place of oil or other
lubricants, in order to avoid risk of air
contamination and to serve applications
that require inherently clean air. In the
energy conservation standards NOPR,
DOE proposed to define “lubricated
compressor’” as ‘‘a compressor that
introduces an auxiliary substance into
the compression chamber during
compression” and “‘auxiliary substance”
as “‘any substance deliberately
introduced into a compression process
to aid in compression of a gas by any of
the following: Lubricating, sealing
mechanical clearances, or absorbing
heat.” In the energy conservation
standards NOPR, DOE interpreted water
to be an auxiliary substance. 81 FR
31680, 31698 (May 19, 2016).24
Consequently, water-injected
compressors would be classified as
lubricated compressors.

In response to the energy conservation
standards NOPR, Jenny Products
commented that water screw
compressors (also known as “water
injected compressors’’) are quite
different from the compressors
mentioned in the energy conservation
standards NOPR proposal, and that
DOE’s proposed standard attempt to
lump too many compressors into a one
size fits all model. (Jenny Products, No.
0058 at p. 2). Sullivan-Palatek also cited
water screw compressors as an example

24 This definition was adopted, unchanged, in the
test procedure final rule.



Federal Register/Vol.

85, No. 7/Friday, January 10, 2020/Rules and Regulations

1521

of specialized technology that could be
eliminated from the market if grouped
with other lubricated compressors.
Beyond these comments, DOE did not
receive any specific evidence or data
supporting the inclusion or exclusion of
water-injected compressors.

DOE performed research to better
understand water-injected compressor
technology and determine whether
water-injection both provides consumer
utility and inhibits the ability to reach
higher efficiency levels.

Water-injected compressors operate
similarly to conventional (i.e., oil or
synthetic oil) lubricated compressors in
that they introduce a liquid into the
compression chamber to lubricate
moving parts, seal mechanical
clearances against the egress of air, and
absorb heat. DOE understands the chief
consumer utility of using water, in place
of an oil- or synthetic oil-based auxiliary
substance, is freedom from risk of
output air contamination. Failure of a
filter or other downstream oil removal
apparatus does not permit oil to become
present in the delivered air as no oil is
present in the system. However, water
and vapor are present and require
removal. Because of the similar utility of
an inherently oil-free process, water-
injected compressors more often
compete with lubricant-free
compressors rather than lubricated
COmpressors.

A limitation of replacing oil with
water is that water tends to be more
corrosive to many types of metals
commonly used to constructed
compressors. This is particularly true if
the water contains trace quantities of
minerals, as does any water drawn from
the environment or public water supply.
To reduce corrosion, water-injected
compressors employ advanced filtration
(commonly, reverse osmosis) to create
highly purified water for introduction
into the compression process. The
advanced filtration systems used by
water-injected compressors may add
nontrivial energy consumption to a
compressor package and ultimately
reduce efficiency. Reverse osmosis
systems typically require creation of
large pressure gradients and several
stages of filtration. The filtration
systems may also contain elements to
eliminate biological agents, of particular
concern in medical applications.

Even with advanced filtration
systems, water-injected compressors
may require the use of more corrosion-
resistant materials for any componentry
downstream of the water injection site.
These materials may be less resistant to
mechanical deformation and exhibit
diminished lifespan relative to
conventional construction materials. As

a result, designers tend to open
mechanical clearances, as compared
with conventionally lubricated
compressors, in anticipation of
mechanical deformation associated with
less durable materials used to resist
corrosion. Wider clearances allow more
air leakage during operation, and
ultimately reduce efficiency.

These modifications that alter
efficiency—filtration, corrosion-resistant
material, altered geometry—are also
likely to add cost to a water-injected
compressor, relative to a conventionally
lubricated compressor of similar
specification.

With respect to market share, DOE
knows of only three manufacturers
currently offering water-injected
compressors in the United States
market,25 and DOE believes that
shipments of water-injected
compressors are very low, as compared
to oil- or synthetic oil-injected
compressors. As a result, DOE expects
energy savings associated with water-
injected compressors to be minimal.

In conclusion, DOE’s research
indicates that water-injected
compressors may provide additional
end user utility, but with reduced
ability to meet higher efficiency levels.
As a result, water-injected compressors
may warrant a separate equipment class
from lubricated compressors. However,
because no performance data is
available to characterize water-injected
compressors, DOE has no basis to
establish a standard. As a result, DOE
excludes water-injected compressors
from the scope of this final rule. To
clearly establish what is meant by the
term, DOE is adopting a definition in
this final rule. “Water-injected
compressor’” means ‘‘a lubricated
compressor that uses injected water as
an auxiliary substance.”

8. Specialty Purpose Compressors

In the energy conservation standards
NOPR, DOE did not explicitly exclude
any categories of specialty compressors.
DOE made no specific scope exclusion
for what the compressor industry refers
to as “customized” or “specialty-
purpose’” compressors. 81 FR 31680,
31690, 31693, 31696 (May 19, 2016).
Although specialty compressors were
not explicitly excluded, DOE expects
that many would be effectively
excluded by other scope limitations,
including full-load operating pressure,
compression principle, variety of gas
compressed, capacity, driver variety,
and lubricant presence.

25 Sullivan-Palatek, Atlas Copco, and CompAir (a
brand of Gardner Denver).

DOE received comments with respect
to customized and specialty-purpose
compressors; generally, many
commenters recommended that DOE
expressly exclude customized and
specialty-purpose compressors from the
scope of the test procedure and energy
conservation standards. Commenters
provided information on what they
viewed as customized and specialty-
purpose compressors, as well as
rationale for their suggestions. In section
II1.B.8.a, DOE discusses comments
related to compliance burden. In
sections III.B.8.b through II1.B.8.d, DOE
summarizes the remaining comments by
topic. In section III.B.8.e, DOE provides
a response to the comments discussed
in sections III.B.8.b through III.B.8.d.

a. Compliance Burden

Atlas Copco and Sullair objected to
the inclusion of customized
compressors due to the burden of
compliance for these low-volume units
and noted that the customer
modifications affect efficiency. Atlas
Copco suggested use of a de minimis
exception for low-volume compressors
that would exclude them from the test
procedure and energy conservation
standard. (Atlas Copco, No. 0054 at pp.
14-15; Sullair, No. 0056 at p. 7)

The DOE test procedure allows
manufacturers to use a testing-based
sampling plan or AEDMs to determine
the performance of a compressor.
Manufacturers can use AEDMs to model
the performance of compressors with
lower sales volumes based on
compressors with higher sales volumes,
thereby reducing the burden of testing.
DOE discusses and estimates all costs
related to compliance with this final
rule in section IV.].

b. Limited Data

Jenny Products commented that
specialty equipment was not addressed
in the energy conservation standards
NOPR and that limited data is available
for this equipment. (Jenny Products, No.
0058 at p. 2) Sullivan-Palatek argued
that specialty compressors rarely
publish data sheets, and as a result, that
DOE'’s proposed energy conservation
standards do not reflect the existence of
specialized compressors. (Sullivan-
Palatek, No. 0051 at pp. 4-5; EERE—
2014-BT-TP-0054, Sullivan-Palatek,
Public Meeting Transcript, No. 0016 at
p- 115; EERE-2014-BT-TP-0054,
Sullivan-Palatek, No. 0007 at p. 2)

Similarly, Sullair commented that the
data used to form the efficiency levels
proposed by DOE does not contain data
from custom units and will drop the
overall efficiency of the compressor
population. (Sullair, Public Meeting
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Transcript, No. 0044 at p. 49) Sullair
stated that the options for customized
compressors (which are more frequently
larger air compressors over 200 hp) are
modifications that impact the
compressor package efficiency but are
required by the customer for use in a
specific application. (Sullair, No. 0056
at p. 6)

c. Inability To Reach Higher Efficiency
Levels

Sullivan-Palatek objected to the
inclusion of special, custom, or low-
volume models in the scope of energy
conservation standards. (Sullivan-
Palatek, No. 0051 at p. 5) Sullivan-
Palatek argued that the number of
product classes is too limited to reflect
the variety of compressed air products,
leading to an oversimplified standard
that could make specialty products
illegal and thus limit the number of
configurations that can be offered to
customers for hazardous duty or special
weather applications. (Sullivan-Palatek,
No. 0051 at p. 4) Castair commented
that the proposed regulations will limit
the customization of compressors for
unique applications, which primarily
affects small businesses. (Castair, No.
0045 at p. 1; EERE-2014-BT-TP-0054,
Castair, No. 0018 at p. 1)

d. Examples of Specialties

CAGI provided examples of specific
specializations, such as hazardous
locations, breathing air, marine
environments, ambient conditions
above 45 degrees C or below 0 degrees
C, and weather protection. (CAGI, No.
0052 at p. 8; Docket No. EERE-2014—
BT-TP-0054, CAGI, No. 0010, p. 4)
Ingersoll Rand, Kaeser Compressors,
Mattei Compressors, Sullair, and
Sullivan-Palatek commented in support
of CAGI’s recommendations. (Ingersoll
Rand, No. 0055 at p. 1; Kaeser
Compressors, No. 0053 at p. 1; Mattei
Compressors, No. 0063 at p. 2; Sullair,
No. 0056 at p. 1; Sullivan-Palatek, No.
0051 at p. 1)

Sullair agreed with CAGI’s
recommendation and provided
additional examples of custom
requirements, such as hazardous
locations or corrosive environments
(such as standards set by Atmospheres
Explosibles [“ATEX"’],26 the American
Petroleum Institute [“API”], the Mine
Safety and Health Administration
[“MSHA’], etc.), marine environments

26 ATEX is the common industry phrasing for
European Parliament and Council Directive 2014/
34/EU of 26 February 2014, which governs
equipment and protective systems intended for use
in potentially explosive atmospheres. The term
“ATEX” is a portmanteau of ‘“‘atmospheres
explosibles”, French for “‘explosive atmospheres.”

(e.g., American Bureau of Shipping
[“ABS”]), alternate cooling methods
(remote coolers, water-cooled, closed-
loop cooling, etc.), ambient conditions
exceeding 45 °C, ambient conditions
below 5 °C, energy or heat recovery
options, environmental protections
(such as standards set by the National
Electrical Manufacturers Association
[“NEMA”], the International
Electrotechnical Commission [“IEC”],
etc.), and dimensional changes or
enclosure modifications. (Sullair, No.
0056 at p. 7; Docket No. EERE—-2014—
BT-TP-0054, Sullair, No. 0006 at p. 8)
Sullair noted that sump heating, extra
fans, and special marine applications
where motors have to be built for ABS
applications may increase energy
consumption of the package. (Docket
No. EERE-2014-BT-TP-0054, Sullair,
Public Meeting Transcript, No. 0016 at
p- 113) DOE considered the suggested
industry standards in evaluating
whether a particular specialty
application warranted exclusion from
energy conservation standards, and
discusses the details in section III.B.8.e.

Jenny Products provided examples of
specialty applications, such as
explosion-proof applications, weather-
proof applications, dental applications,
and climate-control applications. (Jenny
Products, No. 0058 at p. 2)

Sullivan-Palatek commented that
compressor products usually start with
the basic package, but often substitute
nonstandard electric motors, controls or
coolers along with adding numerous
other options and features specified by
the customer or required by the location
where the compressor is installed.
(Docket No. EERE-2014-BT-TP—-0054,
Sullivan-Palatek, No. 0007 at p. 2)

Atlas Copco provided examples of
custom equipment, including
customized liquid cooling systems,
drive systems, safety systems, filtration
systems, dryers, heaters, and air
receiver/surge tanks. Atlas Copco also
noted that each type of customization
can have a significant impact on the
energy efficiency of the total compressor
system. (Docket No. EERE-2014-BT-
TP-0054, Atlas Copco, No. 0009 at pp.
4-5)

e. Response to Comments

As discussed in the test procedure
final rule, DOE incorporates CAGI’s
recommended list of equipment (with
certain modifications) to define the
minimum testing configuration for a
compressor basic model. Consequently,
customized or specialty-purpose
equipment that is created by adding
additional equipment to what the
industry refers to as a standard or basic
package compressor, would be tested

without the additional equipment, and
achieve the same rating as the basic
package compressor it was derived
from. For this reason, DOE finds no
reason to expressly exclude from scope,
any compressors that are created by
adding additional equipment to the
basic testing configuration specified in
the test procedure.

Based on DOE’s interpretation of
interested party comments, two
additional concerns remain: (1)
Specialty-purpose equipment that is
created by modifying or replacing
equipment on a standard package
compressor, and (2) specialty-purpose
equipment that is not derivative of other
standard equipment. However, DOE
notes that interested parties did not
provide specific examples of specialty-
purpose compressors models (i.e., basic
models) that have been distributed into
commerce, nor did they provide any
direct or quantitative evidence that such
compressors consume more energy and
are more burdensome to certify than
their “general-purpose” counterparts
(beyond noting that more models may
need to be certified). Regardless, given
the interested party concerns, DOE
performed research (using interested
party comments as a starting point) to
determine if any additional scope
exclusions are warranted. Specifically,
DOE was able to identify 11
applications and feature categories that
could possibly be used to characterize
specialty-purpose compressors in the
compressor industry:

(1) Corrosive Environments

(2) Hazardous Environments

(3) Extreme Temperatures

(4) Marine Environments

(5) Weather-protected

(6) Mining Environments

(7) Military Applications

(8) Food Service Applications

(9) Medical Air Applications (including
dental)

(10) Climate-control Applications

(11) Petroleum, Gas, and Chemical
Applications

Given the concerns raised by
commenters, DOE established three
criteria to help determine if exclusions
are warranted for each of the
aforementioned applications and feature
categories. A compressor category must
meet all three criteria to be considered
for exclusion. The criteria are
distinguishability, consumer utility, and
material disadvantage.

The first criterion, distinguishability,
is that compressors under consideration
must be able to be distinguished from
general-purpose compressors. In this
case, to be distinguishable extends
beyond being able to identify any
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difference whatsoever. Specifically,
distinguishability is determined in the
context of the test procedure. DOE’s test
procedure final rule contains
instructions regarding compressor
configuration during testing. During a
test, only specific, enumerated ancillary
equipment is required to be connected
to the compressor; manufacturers may
remove non-required ancillary
equipment if they chose to do so. If the
specialized nature of a compressor
arises from a non-required component
of ancillary equipment, manufacturers
have the option to remove its influence
on compressor performance. In that
scenario, the specialty compressor, from
the perspective of the test procedure,
has “collapsed” to a general-purpose
unit with no remaining distinction. In
considering whether a compressor
meets the distinguishability criterion,
DOE will assess whether the specialized
nature of the compressor arises from
ancillary equipment or configurations
that would vanish under the specific
provisions of DOE’s test.

As stated previously, DOE is
incorporating CAGI’s recommended list
of equipment (with certain
modifications), so the only specialty-
purpose compressors that could warrant
exclusion are (1) those that are created
by modifying or replacing equipment on
a standard package compressor, and (2)
specialty-purpose equipment that is not
derivative of other standard equipment.

The second criterion, consumer
utility, is that the specialty compressor
must offer clear and unique utility to the
end-user. If the specialty compressor
can be easily substituted for a general-
purpose compressor without significant
consequence, unique consumer utility is
not supplied. The criterion is also
important for ensuring that exclusion
would not create a substitution
incentive for consumers to switch to
non-regulated specialty equipment, as a
means to reduce first-cost.

The final criterion, material
disadvantage, is that a manufacturer
must face greater difficulty, in some
regard, in increasing the efficiency of
the specialty compressors in question
relative to general-purpose compressors.
For example, due to extra componentry
required to serve a specialty application,
a specialty compressor manufacturer
may face greater obstacles to improving
efficiency than would a general-purpose
compressor manufacturer. Alternatively,
a compressor may be able to achieve
greater efficiency without trouble but
create some disproportionate burden to
manufacturers, for example in testing or
demonstrating compliance.

DOE performed research, using
publicly available data, on each of the

categories to determine if exclusions are
warranted. In the following paragraphs,
DOE discusses findings for each of the
aforementioned 11 specialty
applications.

Corrosive Environments

Corrosive environments can be
damaging to both the external
components of a compressor and the
internal components, if corrosive agents
are ingested with the air. DOE’s research
indicated that corrosive agents are
found in wide range of varieties and
severities. Certain corrosive agents may
harm some materials but not others.

Compressors may be adapted to
corrosive environments by using special
materials, having special coatings, using
additional intake air filtration, or using
special or remote enclosures to isolate
the compressor from the corrosive
environment. However, most
requirements for corrosive
environments are customer-specific,
making it difficult to create a
generalized scope exclusion. Some end
users also use general-purpose
compressors in a corrosive environment,
opting to replace the compressor at an
earlier interval instead of purchasing a
more expensive compressor that can last
longer in the corrosive environment.

Based on this information, DOE does
not believe that all corrosive
environment compressors meet the first
criterion of distinguishability; however,
certain corrosive environment
compressors utilizing special materials
and/or coatings may be distinguishable.

DOE did find that certain corrosive
environment compressors meet the
second criterion of consumer utility.
Although some consumers opt to simply
replace compressors more frequently,
this may be impractical in locations for
which frequent replacement is
impractical (e.g., a remote location) or
for which downtime is intolerable.
Further, some corrosive agents may
significantly accelerate wear. As a
result, measures employed to avert
corrosive agents or resist their effect can
be said to grant utility.

DOE does not find that such
compressors meet the third criterion of
material disadvantage. DOE was unable
to find evidence that most compressors
suited to corrosive environments would
generally face disproportionate
difficulty in reaching the same
efficiency levels as general-purpose
compressors. Specifically, DOE was
unable to find evidence that identifiable
components, such as special materials
and coatings, affect efficiency. As a
result, DOE does not find sufficient
evidence that compressors suited to
corrosive environments face

disproportionate difficulty in reaching
the same efficiency levels as general-
purpose compressors. Furthermore,
DOE found no evidence suggesting
corrosive environment compressors
would be subject to disproportionate
burden in testing or demonstrating
compliance.

Because corrosive environment
compressors do not meet the criteria of
distinguishability and material
disadvantage, DOE does not exclude
them from the scope of this final rule.

Hazardous Environments

Hazardous environments include
those in which there is the possibility of
combustion or explosion. Compressors
may be adapted to hazardous
environments through modified
electrical components and enclosures
that protect against sparks and high
temperatures. At least some of these
components would need to be included
as part of the basic package during
testing. Several standards specify the
type and level of precautions required
for these environments, so certification
with one or more of these could be a
method for defining the scope of
exclusion.

For these reasons, DOE finds that
hazardous environment compressors to
meet the first criterion of
distinguishability. Hazardous
environment compressors in the United
States are designated as such by
independent agencies such as UL, and
given a rating that corresponds to the
specific attributes of the hazardous
environment for which the unit is being
certified. Independent agencies, such as
UL, certify that compressors are suitable
for hazardous environments against the
National Electrical Code (“NEC”),
which is the common term for the
National Fire Protection Association
using a system of classes, zones, and
groups of hazardous materials for which
the equipment is being rated safe. DOE
examined standards set by Atmospheéres
Explosibles [“ATEX”],27 but found that
this designation is predominantly used
in the European market and largely
overlaps, in terms of the information it
conveys to the consumer, with the
NFPA 70 rating system.

DOE also found that hazardous
environment compressors meet the
second criterion of consumer utility.
Using non-explosion-safe equipment, in

27 ATEX is the common industry phrasing for
European Parliament and Council Directive 2014/
34/EU of 26 February 2014, which governs
equipment and protective systems intended for use
in potentially explosive atmospheres. The term
“ATEX” is a portmanteau of “‘atmospheres
explosibles”, French for “‘explosive atmospheres.”



1524

Federal Register/Vol.

85, No. 7/Friday, January 10, 2020/Rules and Regulations

hazardous environments, can create
profound risk to life and property.

However, DOE does not find that
hazardous environment compressor
meet the third criterion of material
disadvantage. DOE was unable to find
evidence that compressors suited to
hazardous environments would face
disproportionate difficulty in reaching
the same efficiency levels as general-
purpose compressors. DOE believes that
the modified electrical components and
enclosures used in hazardous
environments have little impact on
energy use. Additionally, DOE found no
evidence suggesting hazardous
environment compressors would be
subject to disproportionate burden in
testing or demonstrating compliance.

Because hazardous environment
compressors do not meet the criterion of
material disadvantage, DOE does not
exclude them from the scope of this
final rule.

Extreme Temperatures

CAGI and Sullair identified the need
to exclude compressors used in extreme
temperatures. (CAGI, No. 0010, p. 4;
Sullair, No. 0006 at p. 8) For high
extremes, both commenters identified
temperatures above 45 °C. For low
extremes, Sullair indicated temperatures
below 5 °C, while CAGI indicated
temperatures below 0 °C. DOE notes that
CAGI and Sullair did not present any
standardized tests or inspections that
might be used to uniformly classify the
acceptable temperature range for a
COMPressor.

In the absence of that information,
DOE performed research and found
neither industry-accepted, standardized
test methods to determine allowable
operating temperature, nor any
industry-accepted certification programs
to classify compressors for extreme
temperatures. DOE also researched what
types of modification and components
might be employed to adapt
compressors for extremely high- and
low-temperature environments. For
lower temperatures, a variety of heating
devices may be used to heat the
compressor package in various ways—
such equipment would not be required
as a part of test procedure testing
configuration and is, therefore, not a
distinguishing feature.

In hotter environments, compressors
may employ larger output air heat
exchangers and associated fans. Unlike
package heating and cooling, heat
exchangers and fans would necessarily
be part of the test configuration.
However, manufacturers may employ
larger heat exchangers and fans for a
variety of reasons, e.g., recovering waste
heat for use in space heating.

Furthermore, heat exchanger and fan
size (as compared to compressor
capacity) is not a standardized feature
across the compressor industry, with
different manufacturers choosing
different-sized components to meet their
specific design goals. Consequently,
DOE is unable to establish a clear
threshold to delineate larger heat
exchangers and fans employed for high
temperature applications. Furthermore,
doing so would open a significant
circumvention risk, as manufacturers
could purposely substitute larger heat
exchangers and fans in order to exclude
compressors from regulation. For these
reasons, DOE concludes that
compressors designed for extreme
temperature operation are not clearly
distinguishable from general-purpose
COMpressors.

Due to the difficulty in distinguishing
compressors designed for extreme
temperature operation from general-
purpose compressors, DOE could not
determine whether compressors
designed for extreme temperature
operation meet the second criterion of
consumer utility, or the third criterion
of material disadvantage. DOE adds that
if a specialty purpose compressor fails
to meet the first criterion of
distinguishability, then it is unlikely
that the specialty purpose compressor
provides clear and unique utility to the
end user that a general-purpose
compressor would not provide.
Similarly, if a specialty purpose
compressor fails to meet the first
criterion of distinguishability, then it is
unlikely that the specialty purpose
compressor has a material disadvantage
compared to a general-purpose
compressor. Consequently, DOE is
unable to exclude these compressors
from the scope of this final rule.

Marine Environments

Marine air compressors are intended
for use aboard ships, offshore platforms,
and similar environments. In general,
DOE found this to be a very broad
category of compressors. There are a
wide variety of standards for these
applications, but many of the
requirements are customer-specific,
making it difficult to clearly identify the
scope for exclusion. Marine
compressors may be space constrained
if installed on ships. However, this may
not always be the case, and some marine
environments may be able to utilize
general-purpose compressors. Further,
DOE found no way to distinguish
clearly, from general-purpose
compressors, those compressors
specifically developed for constrained
spaces. DOE’s research found that other
items, such as saltwater coolers, may be

employed with marine air compressors,
however, this equipment would not
need to be included for testing. For
these reasons, DOE does not find marine
environment compressors to meet the
first criterion of distinguishability.

Due to the difficulty in distinguishing
marine environment compressors from
general-purpose compressors, DOE
could not determine whether marine
environment compressors meet the
second criterion of consumer utility, or
the third criterion of material
disadvantage. DOE adds that if a
specialty purpose compressor fails to
meet the first criterion of
distinguishability, then it is unlikely
that the specialty purpose compressor
provides clear and unique utility to the
end user that a general-purpose
compressor would not provide.
Similarly, if a specialty purpose
compressor fails to meet the first
criterion of distinguishability, then it is
unlikely that the specialty purpose
compressor has a material disadvantage
compared to a general-purpose
compressor. Because marine
environment compressors do not meet
the first criteria for consideration of
exclusion, DOE does not exclude them
from the scope of this final rule.

Weather-Protected

Weather-protected compressors
require features to prevent the ingress of
water and debris, as well as
accommodation for extreme
temperatures in some cases. Design
accommodations related to extreme
temperatures are discussed in that
eponymous subsection of III.B.8.e and,
therefore, the scope of this section is
confined to those design
accommodations related to aspects of
weather-protection for reasons other
than extreme temperature. DOE found
that third-party standards exist for
ingress protection of the electrical
components. However, DOE could find
no indication of a standard or
certification for other aspects of weather
protection, making it difficult to clearly
identify a general scope for exclusion
for all weather-protected equipment.
However, DOE believes that certain
weather-protected compressors (i.e.,
those with electrical components rated
for ingress protection) meet the first
criterion of distinguishability.

Similarly, DOE believes that certain
weather-protected compressors (i.e.,
those with electrical components rated
for ingress protection) meet the second
criterion of consumer utility, as such
equipment is designed to operate in
environments where non-rated
equipment cannot.
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However, DOE does not find that
weather-protected compressors meet the
third criterion of material disadvantage.
Most weather-protected compressors
would generally not face
disproportionate difficulty in reaching
the same efficiency levels as general-
purpose compressors. Some
components added for weather
protection, such as special electrical
components, have little impact on
energy use. As a result, DOE does not
find evidence to suggest that weather-
protected compressors face
disproportionate difficulty in reaching
the same efficiency levels as general-
purpose compressors. DOE found no
evidence suggesting weather-protected
compressors would be subject to
disproportionate burden in
demonstrating compliance.

Because weather-protected
compressors do not meet the third
criteria for exclusion, DOE does not
exclude them from the scope of this
final rule.

Mining Environments

Mining environments can include
both surface and subsurface mine
compressor applications. There are
some industry standards for these
applications, for example those
developed by the MSHA. However, DOE
did not locate any which could be used
to reliably designate compressors for
mining environments. Furthermore,
many of the design requirements for
mining environment compressors are
customer-specific, making it difficult to
clearly identify the scope for exclusion.
Some mining applications also use
general-purpose compressors. For this
reason, DOE does not find mining
environment compressors to meet the
first criterion of distinguishability. DOE
was not able to determine that
compressors for mining environments
are always distinguishable from general-
purpose compressors. There is no
universally recognized designator.

Due to the difficulty in distinguishing
mining environment compressors from
general-purpose compressors, DOE
could not determine whether mining
environment compressors meet the
second criterion of consumer utility, or
the third criterion of material
disadvantage. DOE adds that if a
specialty purpose compressor fails to
meet the first criterion of
distinguishability, then it is unlikely
that the specialty purpose compressor
provides clear and unique utility to the
end user that a general-purpose
compressor would not provide.
Similarly, if a specialty purpose
compressor fails to meet the first
criterion of distinguishability, then it is

unlikely that the specialty purpose
compressor has a material disadvantage
compared to a general-purpose
COMpressor.

Ultimately, because mining
environment compressors do not meet
the first criteria for consideration of
exclusion, DOE does not exclude them
from the scope of this final rule.

Military Applications

Compressors used in military
applications have a wide range of
applications. Many military
applications use common commercial or
industrial compressors. Other military
applications, however, must meet
extensive customer-specific
requirements. These requirements can
vary greatly with the customer, and
there are no commonly used standards
for compressors in military applications.
This makes it difficult to clearly identify
the scope for exclusion. For this reason,
DOE does not find military compressors
to meet the first criterion of
distinguishability.

Due to the difficulty in distinguishing
military compressors from general-
purpose compressors, DOE could not
determine whether military compressors
meet the second criterion of consumer
utility, or the third criterion of material
disadvantage. DOE adds that if a
specialty purpose compressor fails to
meet the first criterion of
distinguishability, then it is unlikely
that the specialty purpose compressor
provides clear and unique utility to the
end user that a general-purpose
compressor would not provide.
Similarly, if a specialty purpose
compressor fails to meet the first
criterion of distinguishability, then it is
unlikely that the specialty purpose
compressor has a material disadvantage
compared to a general-purpose
COIMPpressor.

Ultimately, because military
compressors do not meet the first
criteria for consideration of exclusion,
DOE does not exclude them from the
scope of this final rule.

Food Service Applications

Food service applications can have
requirements for air purity and for the
use of food-grade lubricants. Food grade
lubricants would need to be included
for testing, so at least some compressors
designed for food service applications
would meet the first criterion of
distinguishability.

DOE found that food service
application compressors also met the
second criterion of consumer utility.
Without food grade lubricants,
compressors would not be permitted to

be used in food processing
environments.

DOE does not find that food service
application compressors meet the third
criterion of material disadvantage. DOE
found no evidence that food-grade
lubricants, would impact efficiency. As
a result, DOE does not find evidence to
suggest that food service compressors
face disproportionate difficulty in
reaching the same efficiency levels as
general-purpose compressors.

Because food service applications
compressors do not meet the third
criterion of material disadvantage, DOE
does not exclude them from the scope
of this final rule.

Medical Air Applications

Medical air applications can have
requirements for air purity, which is
rated according to ISO 8573-1,28 and
also included in the National Fire
Protection Association Standard for
Health Care Facilities (NFPA 99).29 DOE
notes that most medical air compressors
are lubricant-free; as such, any
lubricant-free medical air compressors
are already excluded from this final
rule. In lubricated compressors, high air
purity is attained using a combination of
filters and dryers added to the system
after the compressor. These items are
outside the basic compressor package,
so a medical air compressor would
collapse to a standard basic package for
testing. For this reason, DOE does not
find medical air application
compressors to meet the first criterion of
distinguishability.

Due to the difficulty in distinguishing
medical air compressors from general-
purpose compressors, DOE could not
determine whether medical air
compressors meet the second criterion
of consumer utility, or the third
criterion of material disadvantage. DOE
adds that if a specialty purpose
compressor fails to meet the first
criterion of distinguishability, then it is
unlikely that the specialty purpose
compressor provides clear and unique
utility to the end user that a general-
purpose compressor would not provide.
Similarly, if a specialty purpose
compressor fails to meet the first
criterion of distinguishability, then it is
unlikely that the specialty purpose
compressor has a material disadvantage
compared to a general-purpose
COmMpressor.

Ultimately, because medical air
compressors do not meet the first
criteria for consideration of exclusion,

28 See: www.iso.org/iso/catalogue_
detail.htm?csnumber=46418.

29 See: www.nfpa.org/codes-and-standards/all-
codes-and-standards/list-of-codes-and-
standards?mode=code&code=99.


http://www.iso.org/iso/catalogue_detail.htm?csnumber=46418
http://www.iso.org/iso/catalogue_detail.htm?csnumber=46418
http://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards?mode=code&code=99
http://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards?mode=code&code=99
http://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards?mode=code&code=99

1526 Federal Register/Vol.

85, No. 7/Friday, January 10, 2020/Rules and Regulations

DOE does not exclude them from the
scope of this final rule.

Climate-Control Applications

As noted in section II1.B.8.d, Jenny
Compressors argued that DOE should
exclude climate control compressors.
(Jenny Products, No. 0058 at p. 2) DOE
reviewed available information for
climate-control compressors and found
that the most commonly advertised
unique feature was an “oil carryover” of
less than or equal to 2 parts per million
(“ppm”).3° DOE knows of one
established standard for measurement of
air purity, ISO 8573—1.31 However, this
standard expresses oil content using
mg/m3, and would require conversion to
ppm. )

DOE reviewed compressors that are
currently available for sale and
marketed for climate-control
applications. DOE found that all
compressors currently listed as being for
“climate-control” are reciprocating
compressors. Because reciprocating
compressors are not within the scope of
this energy conservation standards
rulemaking, DOE finds no reason to
exclude climate-control compressors
from this rulemaking.

Petroleum, Gas, and Chemical
Applications

The American Petroleum Institute
standard 619, “Rotary-Type Positive-
Displacement Compressors for
Petroleum, Petrochemical, and Natural
Gas Industries,” (API 619) 32 specifies
certain minimum requirements for
compressors used in the petroleum, gas,
and chemical industry. While API 619
contains many specific design
requirements, it also indicates that
customers must specify many design
requirements themselves. As a result,
compressors designed to meet API 619
requirements are not uniform; rather,
they are, by definition, customized
compressors. In addition to the design
requirements, API 619 imposes rigorous
testing, data reporting, and data
retention requirements on
manufacturers. For example,
manufacturers are required to perform

30 Gardner Denver: www.gardnerdenver.com/
gdproducts/compressors/reciprocating/climate-
control-low-pressure-reciprocating-compressors/
#9816.

Quincy: www.aavsales.com/pdfs/ClimateControl-
Quincy.pdf.

Champion: www.championpneumatic.com/
assets/0/176/184/468/488/6ffebc83-bd76-463c-
9ebb-bce58e1489d7.pdf.

CPR: www.cprindustries.com/climate-control-
compressors.html.

31 See: www.iso.org/iso/catalogue_
detail.htm?csnumber=46418.

32 Available for purchase at: www.techstreet.com/
standards/api-std-6197product_id=1757746.

specific hydrostatic and operational
mechanical vibration testing on each
individual unit distributed in
commerce. Furthermore, manufacturers
must retain certain data for at least 20
years, such as certification of materials,
test data and results, records of all heat
treatment, results of quality control tests
and inspections, and details of all
repairs. Based on these testing, data
reporting, and data retention
requirements, DOE concludes that
compressors designed and tested to the
requirements of API 619 meet the first
criterion of distinguishability.
Specifically, DOE concludes that any
manufacturer claiming a potential
exclusion from energy conservation
standards would be able to furnish test
data proving that the compressor was
designed and tested to API 619 (and
associated customer-specific)
requirements.

Based on DOE’s assessment of API
619, DOE believes that the minimum
design and testing requirements
specified in API 619 are created to
achieve, among other goals, safety and
reliability in the petroleum, gas, and
chemical industry. These requirements
ensure that the compressor can be
operated and maintained safely, in the
safety-critical petroleum, gas, and
chemical industry. Consequently, DOE
concludes that compressors tested to,
and meeting minimum design
requirements of API 619 provide
additional consumer utility.

At this time, DOE has insufficient
evidence to conclusively determine if
compressors meeting the minimum
design and testing requirements
specified in API 619 are at a material
disadvantage, with respect to achievable
compressors efficiency. However, given
the role of API 619 in ensuring
operational safety in the petroleum, gas,
and chemical industry, DOE believes it
is appropriate to exclude from the scope
of energy conservation standards
compressors meeting the minimum
design and testing requirements
specified in API 619. In other words,
DOE finds that including compressors
meeting the minimum design and
testing requirements specified in API
619 may have adverse impacts on health
or safety.

Furthermore, DOE believes that
excluding compressors meeting the
minimum design and testing
requirements specified in API 619 will
not create an appreciable risk of API 619
compressors being used in general
purpose applications, due to the
rigorous and burdensome requirements
associated with complying with API
619. DOE may request that a
manufacturer provide DOE with copies

of the original design and test data that
were submitted in accordance with the
requirements of API 619 as evidence
that the compressor is designed and
tested to API 619.

C. Test Procedure and Metric

This section discusses DOE’s
requirements with respect to test
procedures and summarizes the test
procedure for compressors adopted by
DOE. EPCA sets forth generally
applicable criteria and procedures for
DOE’s adoption and amendment of test
procedures. (42 U.S.C. 6314)
Manufacturers of covered equipment
must use these test procedures to certify
to DOE that their equipment complies
with energy conservation standards and
to quantify the efficiency of their
equipment. (42 U.S.C. 6295(s), 42 U.S.C.
6316(a) and 42 U.S.C. 6314(d)).

On May 5, 2016, DOE issued a notice
of proposed rulemaking, to propose test
procedures for certain compressors. 87
FR 27220. On June 20, 2016, DOE held
a public meeting to discuss the test
procedure NOPR and accept comments
from interested parties. In December
2016, DOE issued a test procedure Final
Rule, which establishes definitions,
materials incorporated by reference, and
test procedures for determining the
energy efficiency of certain varieties of
compressors in subpart T of Title 10 of
the Code of Federal Regulations, Part
431 (10 CFR part 431). The test
procedure Final Rule also amends 10
CFR part 429 to establish sampling
plans, representations requirements,
and enforcement provisions for certain
COmMPpressors.

In the test procedure final rule, DOE
prescribes a test procedure for
measuring the full- and part-load
package isentropic efficiency for certain
varieties of rotary compressors. The test
procedure final rule is applicable to
compressors that meet the following
criteria:

e are air compressors;

e are rotary compressors;

e are not liquid ring compressors;

e are driven by a brushless electric
motor;

e are lubricated compressors;

¢ have a full-load operating pressure
of 75-200 psig;

¢ are not designed and tested to the
requirements of The American
Petroleum Institute standard 619,
“Rotary-Type Positive-Displacement
Compressors for Petroleum,
Petrochemical, and Natural Gas
Industries;” and

¢ have a capacity that is either:

© 10-200 compressor motor nominal
horsepower (hp), or
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© 35-1,250 full-load actual volume
flow rate (cfm).

For those applicable varieties of
compressors, DOE prescribes methods
to measure and calculate part- and full-
load package isentropic efficiency by
incorporating by reference sections of
1SO 1217:2009(E), (ISO 1217:2009(E)),
“Displacement compressors—
Acceptance tests,” as amended through
1SO 1217:2009(E)/Amd.1:2016.33 DOE
also provides additional testing
instructions not included in ISO
1217:2009(E) in the test procedure final
rule.

Full-load package isentropic
efficiency is applicable to fixed-speed
compressors, and calculated per section
3.6.1 of ISO 1217:2009(E). It is the ratio
of isentropic power required for
compression to real packaged
compressor power input (both at full-
load operating pressure and full-load
actual volume flow rate). The test
procedure final rule provides complete
instructions on measuring and
calculating each of these variables.

Part-load package isentropic
efficiency is applicable to variable-
speed compressors, and calculated as
the weighted average of package
isentropic efficiency at three reference
load points 100-, 70-, and 40-percent of
full-load actual volume flow rate).
Package isentropic efficiency at each of
these load points is calculated in a
similar manner to full-load package
isentropic efficiency, and the test
procedure final rule provides complete
instructions on all measurements and
calculations needed for determining
part-load package isentropic efficiency.

The test procedure final rule also
contains specific methods to determine
the full-load actual volume flow rate
and full-load operating pressure of a
compressor, both of which are necessary
to test a compressor model and
determine the applicable energy
conservation standard for certain
varieties of compressors in a repeatable
way.

D. Impacts of Sampling Plan on Energy
Conservation Standards Analysis

DOE defines, as part of the test
procedure for compressors, the
sampling requirements in part 429 of
Chapter II, subchapter D of Title 10,
Code of Federal Regulations. In
accordance with §429.63,
manufacturers must determine the
represented rating for each basic
compressor model either by testing in
conjunction with the applicable

331SO 1217:2009(E)/Amd.1:2016 is titled
“Calculation of isentropic efficiency and
relationship with specific energy.”

sampling provisions or by applying an
AEDM. If the represented value is
determined through testing,
manufacturers must use a sample of not
less than two units and any represented
value of the full- or part-load package
isentropic efficiency of a basic model
must be calculated as the lower of (1)
the mean of the test sample, and (2) the
lower 95 percent confidence limit
(“LCL”) divided by 0.95. DOE also
establishes that package specific power,
full-load actual volume flow rate, full-
load operating pressure, and pressure
ratio at full-load operating pressure
must be represented as the mean of the
test sample.

In the energy conservation standards
NOPR, DOE directly calculated the full-
or part-load isentropic efficiency of each
compressor using values reported in the
CAGI Performance Verification Program
data sheets.3¢ Ultimately, DOE used this
performance data to establish efficiency
levels for each equipment class. DOE
assumed that the compressor
performance data published as part of
the CAGI Performance Verification
Program represented the population
mean for each compressor model.

DOE received many comments from
interested parties that were concerned
that the data used to develop efficiency
levels and ultimately propose energy
conservation standards was not
reflective of the sampling plan adopted
in the test procedure final rule.
Specifically, CAGI, Ingersoll Rand, and
Sullivan-Palatek commented that the
efficiency levels proposed by DOE do
not consider the certification sampling
plan proposed in the test procedure,
stating that the use of the 95-percent
lower confidence limit would result in
a more conservative rating than what is
currently represented on CAGI
Performance Verification Program Data
sheets. Commenters argued that DOE
must adjust standard level, because the
proposed standard level did not
consider the impact of the sampling
plan. (EERE-2014-BT-TP-0054, CAGI,
No. 0010 at pp. 14, 15; Ingersoll Rand,
No. 0055 at p. 2; EERE-2014-BT-TP—-
0054, Ingersoll Rand, No. 0011 at p. 2;
Ingersoll Rand, Public Meeting
Transcript, No. 0044 at p. 57; EERE-
2014-BT-TP-0054, Ingersoll Rand,
Public Meeting Transcript, No. 0016 at
pp- 121-2; Sullivan-Palatek, No. 0051 at
p- 4; EERE-2014-BT-TP-0054,
Sullivan-Palatek, No. 0007 at pp. 2, 4)
Sullair supported CAGI’s comments
regarding sampling. (EERE-2014-BT-
TP-0054, Sullair, No. 0006 at p. 1)
Sullivan-Palatek further commented

34 CAGI Performance Verification Program data
sheets are discussed in section IV.C.1.a.

that the proposed standards, if left
without adjustment, place an extra level
of performance above and beyond that
required by the proposed standard.
(EERE-2014-BT-TP-0054, Sullivan-
Palatek, No. 0007 at p. 4)

DOE agrees with comments made by
CAGI, Ingersoll Rand, Sullair, and
Sullivan-Palatek that the industry’s
approach to testing in accordance with
ISO 1217:2009 does not have the
sampling and certification requirements
that DOE adopts in the test procedure
final rule. Further, DOE acknowledges
that the data used to develop the
efficiency levels presented in the energy
conservation standards NOPR,
predominantly collected from publicly
available data published in accordance
with the CAGI Performance Verification
Program, was not assessed for, or
adjusted to account for, potential
impacts of the test procedure sampling
plan.

At the June 20, 2016 test procedure
public meeting, DOE requested
information regarding the process that
manufacturers currently use to rate
compressors. (EERE-2014-BT-TP-0054,
DOE, Public Meeting Transcript, No.
0016 at pp. 42—43). DOE received
feedback from Ingersoll Rand, Sullair,
and Sullivan-Palatek indicating that
they use a combination of test data and
calculations. (EERE-2014-BT-TP-0054,
Ingersoll Rand, Public Meeting
Transcript, No. 0016 at pp. 44—45;
EERE-2014-BT-TP-0054, Sullair,
Public Meeting Transcript, No. 0016 at
p- 43; EERE-2014-BT-TP-0054,
Sullivan-Palatek, Public Meeting
Transcript, No. 0016 at p. 44) However,
DOE did not receive any specific
performance test data or specific
information on unit-to-unit variability,
nor did DOE receive specific
information on how a manufacturers
arrives at a compressor rating (i.e., the
sample mean of tested compressor).

In written comments, DOE did receive
general information on the topic.
Specifically, Ingersoll Rand noted that
ISO 1217:2009(E) is designed to provide
values closer to the population’s “true
mean,” whereas DOE’s proposed
sampling plan is designed to give
conservative results. (Ingersoll Rand,
No. 0055 at p. 2) Similarly, CAGI stated
that for any given basic compressor
package model, one can expect there
will be a distribution of efficiency
around the “true mean” of the
population. (EERE-2014-BT-TP-0054,
CAGI, No. 0010 at pp. 12—-13) Further,
CAGI stated that they believe that
current manufacturer rating programs
are designed to provide values that are

closer to the population’s “true mean”
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than does DOE’s proposal. (EERE-2014—
BT-TP-0054, CAGI, No. 0010 at p. 14)

Regarding the distribution of the test
results, Ingersoll Rand and Sullivan-
Palatek commented that the data used to
form the efficiency levels proposed by
DOE is reflective of a 5-percent
enforcement tolerance under the CAGI
Performance Verification Program.
(Ingersoll Rand, No. 0055 at p. 2;
Sullivan-Palatek, No. 0051 at p. 4;
Sullivan-Palatek, Public Meeting
Transcript, No. 0044 at p. 106) DOE
interprets the 5-percent enforcement
tolerance referred to by Ingersoll Rand
and Sullivan-Palatek to reflect the 5-
percent allowable variation in specific
power allowed per Table C.2 of Annex
C of ISO 1217:2009(E) for actual volume
flow rates exceeding 0.250 cubic meters
per second. DOE further assumes that
this tolerance represents the bounds of
the distribution of specific power for
ISO 1217:2009(E).

To evaluate the effect of DOE’s
sampling plan in the test procedure
final rule, DOE would prefer to have
used the source data recorded in
accordance with ISO 1217:2009(E) and
directly calculate the certified value of
full- or part-load isentropic efficiency
for each compressor to develop the
efficiency levels for each compressors as
specified in the DOE test procedure. In
the absence of source data, DOE would
prefer to capture the variability of the
CAGI Performance Verification Program
data with detailed information of
representative unit-to-unit variability.
Unfortunately, DOE did not receive
compressor test data with which DOE
could directly calculate the certified
full- or part-load isentropic efficiency
(i.e., DOE does not have multiple tested
values for each compressor basic
model).

In the absence of receiving full test
data or a detailed description of testing
variability, DOE uses the feedback from
manufacturers regarding the CAGI
Performance Verification Program data
to conduct a statistical analysis to assess
the impact of the sampling plan in the
test procedure final rule on package
isentropic efficiency ratings.
Specifically, DOE employs a Monte
Carlo simulation of compressor ratings
using Oracle Crystal Ball. A Monte Carlo
simulation is a series of randomized
trials that, after many repetitions,
converges on a solution with a
distribution of results. The resulting
solution of a Monte Carlo analysis
reflects the interactions between known
“input” distributions; for the purposes
of this analysis, the Monte Carlo
analysis reflects the interaction between
the distribution of specific power for
each compressor, the known sampling

plan in the compressors test procedure,
and the resulting compressor package
isentropic efficiency rating. The
simulation calculates the full- or part-
load package isentropic efficiency of
each compressor by using the value of
actual volume flow rate and compressor
discharge pressure from the updated
CAGI database along with the value of
specific power (according to the
assumed distribution of specific power)
for each compressor in the test sample.
From there, the simulation selects the
lower of the (1) sample mean or (2) 95
percent LCL of the sample divided by
0.95 for each compressor basic model
and stores the value as the “simulated”
value of compressor full- or part-load
isentropic efficiency for each trial. In
addition, the Monte Carlo analysis
stores the difference between the
“simulated” and calculated mean-
value 35 of full- or part-load isentropic
efficiency for each compressor in the
DOE database, for each trial. DOE
calculates statistics on the simulation
data to understand the likelihood and
magnitude of a change in compressor
rating under the DOE sampling and
certification plan. Additional details of
the calculations in the Monte Carlo
simulation and a more comprehensive
results section is in Chapter 5 of the
TSD.

To construct a Monte Carlo
simulation with the goal of
understanding the impacts of the
sampling plan on full- and part-load
isentropic efficiency, DOE makes
assumptions regarding the mean and
statistical variation of specific power.
As noted previously, DOE received
information that the specific power data
represented as a part of CAGI
Performance Verification Program is
representative of the “true mean” of a
compressor model’s performance. As
such, in the Monte Carlo model, DOE
assumes that the specific power values
represented on CAGI performance
verification data sheets represent the
population mean.

DOE also recognizes that the CAGI
Performance Verification Program
guarantees that the tested specific power
performance of any participating
compressor will be within the bounds of
Table III.1.36 Therefore, DOE assumes

35 The calculated mean value of full- or part-load
isentropic efficiency is derived by direct
calculations from reported values on the CAGI
Performance Verification Program data sheets. As
noted by manufacturer comments, the specific
power of a compressor is assumed to represent the
“true mean” or “‘population mean’’ of the
represented compressor model.

36 International Organization for Standardization
(ISO), ISO 1217 (E), Displacement compressors—
Acceptance tests, International Organization for
Standardization (ISO), 2009, Annex H, Table H.3.

that the range of compressor specific
power variation mirror the bounds of
variation defined in Table IIL.1.

TABLE |ll.1—PERMISSIBLE DEVIATION
OF SPECIFIC POWER AND
ISENTROPIC  EFFICIENCY  DURING
CUSTOMER ACCEPTANCE TEST FOR
ELECTRICALLY DRIVEN PACKAGED
DISPLACEMENT COMPRESSORS *

Specific power
Volume flow rate at tole(rgr;ces
specified conditions * °
3 * -3
(m?/s)*10 Upper | Lower
limit limit
0<V<83 e +8 -8
83<v<25 .. +7 -7
25 <v <250 .. +6 -6
V>250 s +5 -5

“The column titles were edited from the
source document for clarity.

With the mean and range of the test
sample established, DOE needed to
assume a statistical distribution
centered about the mean and bounded
by the allowable tolerance in Table III.1.
DOE considered multiple distributions
which could characterize tested
compressor specific power. Specifically,
DOE considered two general
distributions: (1) A uniform distribution
which assumed equal probability of
values between the lower and upper
limit of specific power variation as
defined in Table III.1, and (2) a normal
distribution.

Per Table C.2 of Annex C of ISO
1217:2009(E), the rationale for
establishing a tolerance for specific
power is to account for variation due to
manufacturing and measurement
tolerances. DOE interprets the statement
to mean that the specific power
tolerance accounts for unit-to-unit
performance differences due to
manufacturing tolerances as well as the
inherent repeatability of the ISO
1217:2009(E) test procedure. A literature
review conducted by DOE found that a
uniform probability distribution, which
has an equal probability of values
between the lower and upper tolerance,
does not commonly represent
distributions that have continuous
outcomes (such as specific power).
Alternatively, literature states that of the
commonly occurring probability
distributions, a normal distribution is
the most appropriate choice to represent
the probability of a continuous outcome
that is a function of the interaction
between random and independent
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variables.37 Because the CAGI
Performance Verification Program
guarantees that performance and
specific power is a function of random
and independent variables, including
manufacturing tolerances and test to test
variation, it is much more likely that a
normal probability distribution is the
most representative of compressor
specific power. For these reasons, a
normal distribution is most appropriate
to represent the unit-to-unit variability
of compressor specific power. However,
DOE explores the impact of this
assumption as part of the sensitivity
analysis and concludes that the
assumption of a normal or uniform
distribution, by itself, did not have an
impact on the conclusion drawn from
the analysis. A complete discussion of
the sensitivity analysis can be found at
the conclusion of this section.

With the distribution type selected,
DOE then considered the standard
deviation of the distribution. As
previously stated, Table III.1 represents
the allowable “enforcement tolerance”
that CAGI uses as part of the
Performance Verification Program.
Because the CAGI Performance
Verification Program guarantees
performance within these tolerances,
DOE concludes that, for all compressors
that participate in this program, each
unit distributed in commerce should
achieve performance within these
tolerances. Consequently, DOE assumes
that the tolerance range specified in
Table III.1 represents a range of plus or
minus three standard deviations from
the mean; i.e., 99.7-percent of test units
will fall within that range specified in
Table III.1. Functionally, this translates
to a standard deviation of compressor
specific power that represented one-
third of the tolerance listed in Table
III.1. As an example, if the tolerance for
a compressor’s represented specific
power is 6-percent, the standard
deviation for the distribution of specific
power for that compressor would be 2-
percent of the compressor’s specific
power.

With DOE’s establishing assumptions
for the distribution of compressor
specific power in the Monte Carlo
simulation, the last remaining
assumption is the number of units in the
test sample to certify the full- and part-
load isentropic efficiency for a
compressor basic model. The test
procedure final rule specifies a
minimum sample size of two
compressors is necessary to certify the
full- or part-load isentropic efficiency of

37 Tennett, Geoff. Six Sigma: SPC and TQM in
Manufacturing and Services. 2001. Gower
Publishing Company: Burlington, VT.

a basic model; there is no upper limit to
the number of units that can be tested.
DOE assumes that a manufacturer
would test more than two units if the
calculated full- or part-load isentropic
efficiency (according to the sample
plan) does not meet the expectations of
the manufacturer. DOE recognizes that
there is a practical limit to the number
of units that can be tested and assumes
that four units of each basic model are
tested in the simulation, to calculate the
full- and part-load package isentropic
efficiency of the compressor. DOE
explores the impact of this assumption
as part of the sensitivity analysis and
concludes that the assumption of testing
three or four units, by itself, does not
have an impact on the results of the
analysis. A complete discussion of the
sensitivity analysis is in the conclusion
of this section.38

Based on the results of the Monte
Carlo, DOE does not expect that, on
average, the sampling plan will result in
a lower certified full- or part-load
package isentropic efficiency values, in
comparison to the value calculated from
the CAGI Performance Verification
Program data sheets. Put differently, for
each iteration of the Monte Carlo
simulation, given a random sample of
four units, the mean of the sample is
nearly always lower than the 95th lower
confidence interval divided by 0.95.

DOE also conducted a sensitivity
analysis to understand the impact of
two key assumptions: the number of
units tested to certify the full- and part-
load isentropic efficiency and the
assumed shape of the specific power
distribution. Specifically, DOE adjusted
the number of units in the Monte Carlo
analysis to reflect a sample size of three
units and adjusted the distribution of
compressor specific power to represent
a uniform distribution. A uniform
distribution is the most conservative
assumption for the distribution of
specific power; it provides an equal
probability of a specific power value
between the tolerance range permitted
in Table III.1. The results of the
sensitivity analysis for fixed-speed
compressors and variable-speed
compressors, expressed as the average
change in certified rating (difference
between the calculated and simulated
mean-value), in points of efficiency, are
in Table II.2 and Table III.3,
respectively.

38 The cost of testing four units to certify the full-
or part-load package isentropic efficiency is
accounted for in the Manufacturer Impact Analysis,
section IV.].2.c.

TABLE I11.2—SENSITIVITY ANALYSIS
RESULTS FOR FIXED-SPEED COM-
PRESSORS: AVERAGE CHANGE IN
COMPRESSOR FULL- OR PART-LOAD

PACKAGE ISENTROPIC EFFICIENCY
RATING
Uniform Normal
Number of distribution distribution
units in of specific of specific
sample power power
(points) (points)
3 -0.7 0.0
4, 0.0 0.0
TABLE Il11.3—SENSITIVITY ANALYSIS
RESULTS FOR VARIABLE-SPEED
COMPRESSORS: AVERAGE CHANGE
IN COMPRESSOR FULL- OR PART-
LOAD PACKAGE ISENTROPIC EFFI-
CIENCY RATING
Uniform Normal
Number of distribution distribution
units in of specific of specific
sample power power
(points) (points)
3 o -0.7 0.0
4 i, 0.0 0.0

Based on the results of the analysis,
DOE expects that, for compressors
participating in the CAGI Performance
Verification Program and abiding by the
tolerance in Table III.1, the sampling
plan established in the test procedure
will result in certified package
isentropic efficiency values that
represents the sample mean. Further,
DOE reiterates that in the absence of test
data or detailed information from
manufacturers, a normal distribution
best represents the unit-to-unit
variability among compressors;
however, the analysis shows that this
assumption had little influence on the
results of the sampling plan analysis.
Additionally, DOE found that the results
of the analysis are not sensitive to the
assumption of testing four units, as the
same conclusion is reached with a
sample size of three units. Therefore,
DOE concludes that while the
assumptions that DOE made are
grounded in reasoned logic and
research, the results would be the same
with a more conservative set of
assumptions. For all of the reasons
discussed in this section, DOE
concludes that no adjustments are
necessary to the efficiency levels
presented in the energy conservation
standards NOPR.

E. Compliance Date

DOE has determined that any
standards established by this rule will
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apply to compressors manufactured 5
years after the date on which any
standard is published.39 Therefore, the
compliance date of this rule is January
10, 2025.

F. Technological Feasibility

1. General

In each energy conservation standards
rulemaking, DOE conducts a screening
analysis based on information gathered
on all current technology options and
prototype designs that could improve
the efficiency of the products or
equipment that are the subject of the
rulemaking. As the first step in such an
analysis, DOE develops a list of
technology options for consideration in
consultation with manufacturers, design
engineers, and other interested parties.
DOE then determines which of those
means for improving efficiency are
technologically feasible. DOE considers
technologies incorporated in
commercially available products or in
working prototypes to be
technologically feasible. 10 CFR part
430, subpart C, appendix A, section
4(a)(4)(1)

After DOE has determined that
particular technology options are
technologically feasible, it further
evaluates each technology option in
light of the following additional
screening criteria: (1) Practicability to
manufacture, install, and service; (2)
adverse impacts on product utility or
availability; and (3) adverse impacts on
health or safety. 10 CFR part 430,
subpart C, appendix A, section
4(a)(4)(ii)—(iv) Additionally, it is DOE
policy not to include in its analysis any
proprietary technology that is a unique
pathway to achieving a certain
efficiency level. Section IV.B of this
document discusses the results of the
screening analysis for compressors,
particularly the designs DOE
considered, those it screened out, and
those that are the basis for the standards
considered in this rulemaking. For
further details on the screening analysis
for this rulemaking, see chapter 4 of the
final rule TSD.

39EPCA specifies that the provisions of
subsections (1) through (s) of 42 U.S.C. 6295 shall
apply to any other type of industrial equipment
which the Secretary classifies as covered
equipment, which includes compressors. (42 U.S.C.
6316(a)) 42 U.S.C. 6295(1)(2) states that any new or
amended standard for any other type of consumer
product which the Secretary classifies as a covered
product shall not apply to products manufactured
within five years after the publication of a final rule
establishing such standard. This 5-year lead time
also applies to other types of industrial equipment,
such as compressors.

2. Maximum Technologically Feasible
Levels

When DOE adopts a new or amended
standard for a type or class of covered
equipment, it must determine the
maximum improvement in energy
efficiency or maximum reduction in
energy use that is technologically
feasible for such product. (42 U.S.C.
6295(p)(1) and 42 U.S.C. 6316(a))
Accordingly, in the engineering
analysis, DOE determined the maximum
technologically feasible (“max-tech”)
improvements in energy efficiency for
compressors, using the design
parameters for the most efficient
products available on the market or in
working prototypes. The max-tech
levels that DOE determined for this
rulemaking are described in section
IV.C.5.b of this final rule and in chapter
5 of the final rule TSD.

G. Energy Savings

1. Determination of Savings

For each trial standard level (“TSL”),
DOE projected energy savings from
application of the TSL to compressors
purchased in the 30-year period that
begins in the first full year of
compliance with the standards (2022—
2051).40 The savings are measured over
the entire lifetime of products
purchased in the 30-year analysis
period. DOE quantified the energy
savings attributable to each TSL as the
difference in energy consumption
between each standards case and the no-
new-standards case. The no-new-
standards case represents a projection of
energy consumption that reflects how
the market for a product would likely
evolve in the absence of energy
conservation standards.

DOE used its national impact analysis
spreadsheet models to estimate national
energy savings (“NES”’) from potential
standards for compressors. The NIA
spreadsheet model (described in section
IV.H of this rule) calculates energy
savings in terms of site energy, which is
the energy directly consumed by
products at the locations where they are
used. For electricity, DOE reports
national energy savings in terms of
primary energy savings, which is the
savings in the energy that is used to
generate and transmit the site
electricity. For natural gas, the primary
energy savings are considered to be
equal to the site energy savings. DOE
also calculates NES in terms of full-fuel-
cycle (“FFC”) energy savings. The FFC
metric includes the energy consumed in

40DOE also presents a sensitivity analysis that
considers impacts for products shipped in a 9-year
period.

extracting, processing, and transporting
primary fuels (i.e., coal, natural gas,
petroleum fuels), and thus presents a
more complete picture of the impacts of
energy conservation standards.** DOE’s
approach is based on the calculation of
an FFC multiplier for each of the energy
types used by covered products or
equipment. For more information on
FFC energy savings, see section IV.H.2
of this final rule.

2. Significance of Savings

To adopt any new or amended
standards for a covered product, DOE
must determine that such action would
result in significant conservation of
energy. (42 U.S.C. 6295(0)(3)(B) and 42
U.S.C. 6316(a)) Although the term
“significant”” is not defined in the Act,
the U.S. Court of Appeals, for the
District of Columbia Circuit in Natural
Resources Defense Council v.
Herrington, 768 F.2d 1355, 1373 (D.C.
Cir. 1985), indicated that Congress
intended “‘significant”” energy savings in
the context of EPCA to be savings that
are not “genuinely trivial.” The energy
savings for all the TSLs considered in
this rulemaking, including the adopted
standards, resulting in positive net
benefits to the Nation, and are
nontrivial, and, therefore, DOE
considers them ‘‘significant” within the
meaning of 42 U.S.C. 6295(0)(3)(B).

H. Economic Justification

1. Specific Criteria

As noted above, EPCA provides seven
factors to evaluate in determining
whether a potential energy conservation
standard is economically justified. (42
U.S.C. 6295(0)(2)(B)(i)(I)-(VII) and 42
U.S.C. 6316(a)) The following sections
discuss how DOE has addressed each of
those seven factors in this rulemaking.

a. Economic Impact on Manufacturers
and Consumers

In determining the impacts of
potential standards on manufacturers,
DOE conducts a manufacturer impact
analysis (“MIA”), as discussed in
section IV.]J of this document. DOE first
uses an annual cash-flow approach to
determine the quantitative impacts. This
step includes both a short-term
assessment—based on the cost and
capital requirements during the period
between when a regulation is issued and
when entities must comply with the
regulation—and a long-term assessment
over a 30-year period. The industrywide
impacts analyzed include (1) industry

41The FFC metric is discussed in DOE’s
statement of policy and notice of policy
amendment. 76 FR 51282 (August 18, 2011), as
amended at 77 FR 49701 (Aug. 17, 2012).
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net present value (INPV), which values
the industry based on expected future
cash flows; (2) cash flows by year; (3)
changes in revenue and income; and (4)
other measures of impact, as
appropriate. Second, DOE analyzes and
reports the impacts on different types of
manufacturers, including impacts on
small manufacturers. Third, DOE
considers the impact of standards on
domestic manufacturer employment and
manufacturing capacity, as well as the
potential for standards to result in plant
closures and loss of capital investment.
Finally, DOE takes into account
cumulative impacts of various DOE
regulations and other regulatory
requirements on manufacturers.

For individual consumers, measures
of economic impact include the changes
in LCC and PBP associated with new or
amended standards. These measures are
discussed further in the following
section. For consumers in the aggregate,
DOE also calculates the national net
present value of the economic impacts
applicable to a particular rulemaking.
DOE also evaluates the LCC impacts of
potential standards on identifiable
subgroups of consumers that may be
affected disproportionately by a national
standard.

b. Savings in Operating Costs Compared
to Increase in Price (LCC and PBP)

EPCA requires DOE to consider the
savings in operating costs throughout
the estimated average life of the covered
product in the type (or class) compared
to any increase in the price of, or in the
initial charges for, or maintenance
expenses of, the covered product that
are likely to result from a standard. (42
U.S.C. 6295(0)(2)(B)(i)(II) and 42 U.S.C.
6316(a)) DOE conducts this comparison
in its LCC and PBP analyses.

The LCC is the sum of the purchase
price of a product (including its
installation) and the operating cost
(including energy, maintenance, and
repair expenditures) discounted over
the lifetime of the product. The LCC
analysis requires a variety of inputs,
such as product prices, product energy
consumption, energy prices,
maintenance and repair costs, product
lifetime, and discount rates appropriate
for consumers. To account for
uncertainty and variability in specific
inputs, such as product lifetime and
discount rate, DOE uses a distribution of
values, with probabilities attached to
each value.

The PBP is the estimated amount of
time (in years) it takes consumers to
recover the increased purchase cost
(including installation) of a more
efficient product through lower
operating costs. DOE calculates the PBP

by dividing the change in purchase cost
due to a more stringent standard by the

change in annual operating cost for the

year that standards are assumed to take

effect.

For its LCC and PBP analyses, DOE
assumes that consumers will purchase
the covered products in the first full
year of compliance with new standards.
The LCC savings for the considered
efficiency levels are calculated relative
to the case that reflects projected market
trends in the absence of new standards.
DOE’s LCC and PBP analyses are
discussed in further detail in section
IV.F of this document.

c. Energy Savings

Although significant conservation of
energy is a separate statutory
requirement for adopting an energy
conservation standard, EPCA requires
DOE, in determining the economic
justification of a standard, to consider
the total projected energy savings that
are expected to result directly from the
standard. (42 U.S.C. 6295(0)(2)(B)(1)(III)
and 42 U.S.C. 6316(a)) As discussed in
section IV.H, DOE uses the NIA
spreadsheet models to project national
energy savings.

d. Lessening of Utility or Performance of
Products

In establishing product classes, and in
evaluating design options and the
impact of potential standard levels, DOE
evaluates potential standards that would
not lessen the utility or performance of
the considered products. (42 U.S.C.
6295(0)(2)(B)(i)(IV) and 42 U.S.C. 6316)
Based on data available to DOE, the
standards adopted in this final rule
would not reduce the utility or
performance of the products subject to
this rulemaking.

e. Impact of Any Lessening of
Competition

EPCA directs DOE to consider the
impact of any lessening of competition,
as determined in writing by the
Attorney General, that is likely to result
from a standard. (42 U.S.C.
6295(0)(2)(B)(i)(V) and 42 U.S.C.
6316(a)) It also directs the Attorney
General to determine the impact, if any,
of any lessening of competition likely to
result from a standard and to transmit
such determination to the Secretary
within 60 days of the publication of a
proposed rule, together with an analysis
of the nature and extent of the impact.
(42 U.S.C. 6295(0)(2)(B)(ii) and 42
U.S.C. 6316(a)) To assist the Department
of Justice (“D0OJ”) in making such a
determination, DOE transmitted copies
of its proposed rule and the NOPR TSD
to the Attorney General for review, with

a request that the DOJ provide its
determination on this issue. In its
assessment letter responding to DOE,
DOJ concluded that the proposed energy
conservation standards for compressors
are unlikely to have a significant
adverse impact on competition. DOE is
publishing the Attorney General’s
assessment at the end of this final rule.

f. Need for National Energy
Conservation

DOE also considers the need for
national energy conservation in
determining whether a new or amended
standard is economically justified. (42
U.S.C. 6295(0)(2)(B)(i)(VI) and 42 U.S.C.
6316(a)) The energy savings from the
adopted standards are likely to provide
improvements to the security and
reliability of the Nation’s energy system.
Reductions in the demand for electricity
also may result in reduced costs for
maintaining the reliability of the
Nation’s electricity system. DOE
conducts a utility impact analysis to
estimate how standards may affect the
Nation’s needed power generation
capacity, as discussed in section IV.M of
this document.

The adopted standards also are likely
to result in environmental benefits in
the form of reduced emissions of air
pollutants and greenhouse gases
(“GHGs”) associated with energy
production and use. DOE conducts an
emissions analysis to estimate how
potential standards may affect these
emissions, as discussed in section IV.K;
the emissions impacts are reported in
section V.B.8 of this document. DOE
also estimates the economic value of
emissions reductions resulting from the
considered TSLs, as discussed in
section IV.L of this document.

g. Other Factors

In determining whether an energy
conservation standard is economically
justified, DOE may consider any other
factors that the Secretary deems to be
relevant. (42 U.S.C. 6295(0)(2)(B){)(VII)
and 42 U.S.C. 6316(a)) To the extent
interested parties submit any relevant
information regarding economic
justification that does not fit into the
other categories described above, DOE
could consider such information under
“other factors.”

2. Rebuttable Presumption

As set forth in 42 U.S.C.
6295(0)(2)(B)(iii) and 42 U.S.C. 6316(a),
EPCA creates a rebuttable presumption
that an energy conservation standard is
economically justified if the additional
cost to the consumer of a product that
meets the standard is less than three
times the value of the first year’s energy
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savings resulting from the standard, as
calculated under the applicable DOE
test procedure. DOE’s LCC and PBP
analyses generate values used to
calculate the effect potential new or
amended energy conservation standards
would have on the payback period for
consumers. These analyses include, but
are not limited to, the 3-year payback
period contemplated under the
rebuttable-presumption test. In addition,
DOE routinely conducts an economic
analysis that considers the full range of
impacts to consumers, manufacturers,
the Nation, and the environment, as
required under 42 U.S.C.
6295(0)(2)(B)(i) and 42 U.S.C. 6316(a).
The results of this analysis serve as the
basis for DOE’s evaluation of the
economic justification for a potential
standard level (thereby supporting or
rebutting the results of any preliminary
determination of economic
justification). The rebuttable
presumption payback calculation is
discussed in section IV.F of this final
rule.

I. Other Issues

1. Comments on the Proposed Standards

In the energy conservation standards
NOPR, DOE proposed to establish
energy conservation standards at TSL 2.
However, DOE also noted that it was
strongly considering TSL 3 due to its
greater net benefits. 81 FR 31680, 31683
(May 19, 2016). DOE received
numerous, generalized comments
related to its proposal; these comments
are summarized in this section. All
comments related to DOE’s analyses and
specific technical proposal are located
in the appropriate subsections of
sections III and IV of this final rule.

a. Recommended Energy Conservation
Standard Level

Ingersoll Rand supported TSL 2 and
noted that the proposed standard level
struck an appropriate balance between a
more energy efficient marketplace and
the increase in associated costs, leading
to an economically justified rulemaking
that maximizes consumer benefits.
(Ingersoll Rand, No. 0055 at pp. 2-3)
Similarly, CAGI and Sullair commented
that they support TSL 2, provided that
DOE make adjustments to the standard
that reflect CAGI’s and Sullair’s
comments. (Sullair, No. 0056 at pp. 5—
6; CAGI, No. 0052 at p. 3)

CAGI also stipulated that it would
support TSL 2, provided that the trial
standard level is technically feasible
and economically justified after
accounting for CAGI’s other suggestions
as well as the impact of the test
procedure on assumed product

compliance. (CAGI, No. 0052 at p. 3)
Kaeser Compressors, Mattei
Compressors, Sullair, and Sullivan-
Palatek commented in support of
CAGT’s recommendations. (Kaeser
Compressors, No. 0053 at p. 1; Mattei
Compressors, No. 0063 at p. 2; Sullair,
No. 0056 at p. 1; Sullivan-Palatek, No.
0051 at p. 1)

The CA IOUs commented that they
support TSL 2, but suggest that DOE
adopt TSL 3 due to the higher benefits
associated with TSL 3, such as
increased energy savings, a simple
payback period of 4.1 years or less for
each equipment class, and reduced CO,
emissions that assist California with
meeting state greenhouse gas emissions
goals. (CA I0Us, No. 0059 at pp. 1-2)

ASAP, ACEEE, NEEA, NRDC, NEEP,
and ASE commented that they support
TSL 3, noting that TSL 3 offered
increased energy savings, increased
NPV for consumers, and reduced CO»
emissions when compared to TSL 2.
(ASAP, ACEEE, NEEA, NRDC, NEEP,
ASE, No. 0060 at pp. 1-2)

The CA I0Us, ASAP, ACEEE, NEEA,
NRDC, NEEP, NWPCC, and ASE all
commented that TSL 3 aligned closely
with EU regulation, which consequently
reduces the burden on manufacturers to
comply with two standards when
selling their products globally. (CA
I0Us, No. 0059 at pp. 1-2; ASAP,
ACEEE, NEEA, NRDC, NEEP, ASE, No.
0060 at pp. 1-2; NEEA and NWPCC, No.
0057 at p. 3)

Sullivan-Palatek commented that TSL
3 is an aggressive approach to setting
initial conservation standards and
suggested that DOE collect test data and
observe the program prior to adopting a
higher standard than TSL 2. (Sullivan-
Palatek, No. 0051 at p. 5) Similarly,
Ingersoll Rand did not support
standards at TSL 3 and stated that
standards at TSL 3 are not economically
justified. (Ingersoll Rand, No. 0055 at
pp. 2-3)

DOE discusses respective benefits and
burdens of each TSL and, ultimately,
presents reasoning for the TSL adopted
as a standard in section V.C. DOE takes
into consideration all of the factors
mentioned by commenters, including
consumer benefits, impacts to
manufacturers, emissions reductions,
and the benefits of harmonizing with
the European Union.

Castair opposed standards at TSL 2.
First Castair argued that electric motors
are already subject to energy
conservations standards and thus
compressors do not need to be further
regulated. Second, Castair commented
that the compressor industry competes
on the basis of efficiency, and therefore
efficiency standards are not necessary.

(Castair, No. 0062 at p. 2) Similarly,
Jenny Products commented that more
efficient compressors are commercially
available for all proposed equipment
classes, which negates the need for an
energy conservation standard for
compressors. (Jenny Products, No. 0058
at p. 5)

In response to Castair and Jenny’s
comments, DOE notes that although
some consumers may choose efficient
compressors in the current market, they
do not need to purchase efficient
compressors. An energy conservation
standard removes the lowest performing
compressors from the market, and
ensures that consumers receive, on
average, economically justified energy
savings. Consumers purchasing above
that level voluntarily are unaffected.
However, consumers who previously
purchased below the standard level
would be unable to do so, thus ensuring
that consumers purchase more efficient
equipment, which provides a
corresponding improvement in life-
cycle cost. While it is true that some
compressor designs use motors that are
currently subject to energy
conservations standards, compressor
manufacturers do not need to construct
packages using motors within scope of
standards. Moreover, a motor being
subject to energy conservation standards
does not preclude the possibility of
finding economically justified savings at
the compressor package level. There are
many other opportunities to improve
the efficiency of a compressor package
beyond the driver.

Compressed Air Systems commented
that DOE did not provide proof that (1)
the proposed standards would improve
efficiency over current designs, (2) the
proposed standards were technically
feasible, and (3) the proposed standards
provide an economic benefit for
consumers. Finally, Compressed Air
Systems alleged that DOE did not
collect sufficient data to support DOE’s
conclusions for the standards proposed
in the NOPR. (Compressed Air Systems,
No. 0061 at p. 1)

As discussed in section III.B.6, DOE
acknowledges that it lacks sufficient
data for certain varieties of compressors
and is reducing the scope of this final
rule appropriately. For the compressors
that remain in scope, DOE maintains
that sufficient data exists to support
adoption of a standard under the
provisions of EPCA, as amended.
Specifically, DOE discusses efficiency
improvement in section IV.C.4,
technological feasibility in section IIL.F,
and the economic benefits to consumers
in section V.B.1.
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b. Reciprocating Compressors

The CA IOUs suggested that DOE
should consider EL 2 for reciprocating
compressors in the standard adopted in
the final rule. (CA I0Us, No. 0059 at pp.
1-2; CA IOUs, Public Meeting
Transcript, No. 0044 at p. 152-153) As
discussed in section III.B.2, DOE is
excluding reciprocating compressors
from the scope of this final rule.
Therefore, no EL is selected.

2. Other Comments

The P. R. of China commented that
DOE is obliged to share the data used to
determine that energy conservation
standards were justified in accordance
with Article 2.5 of World Trade
Organization Agreement on Technical
Barriers to Trade.42 (P. R. China, No.
0049 at p. 32)

DOE discussed and documented its
data, assessments, analysis, and
rationale as part of the May 2016 energy
conservation standards NOPR 81 FR
31680, this final rule, and the associated
TSDs. All relevant data and analysis has
been publicly shared through the
aforementioned documents.

CAGI also provided a general
comment related to DOE’s energy
conservation standards NOPR proposal.
CAGI commented that the most effective
way to encourage efficiency is through
improving the education and training of
individuals who design compressed air
demand and supply systems. CAGI
argued that the proposed energy
conservation standard for compressors
diverts limited personnel and financial
resources from education and training.
(CAGI, No. 0052 at p. 3) Ingersoll Rand,
Kaeser Compressors, Mattei
Compressors, Sullair, and Sullivan-
Palatek commented in support of
CAGI’s recommendations. (Ingersoll
Rand, No. 0055 at p. 1; Kaeser
Compressors, No. 0053 at p. 1; Mattei
Compressors, No. 0063 at p. 2; Sullair,
No. 0056 at p. 1; Sullivan-Palatek, No.
0051 at p. 1) Ingersoll Rand suggested
that compressor package efficiency
policy should include a regularly
scheduled equipment maintenance
program, and that efforts in compressed
air system efficiency could lead to
significant energy savings. (Docket No.
EERE-2012-BT-DET-0033, Ingersoll
Rand, No. 0004 at p. 3)

DOE notes that it addresses all
individual suggestions provided by
CAGI in this final rule, incorporating
such suggestions where appropriate.
DOE evaluates the benefits and burdens
associated with all potential energy
conservation standard levels in section

42 Agreement on Technical Barriers to Trade,
1868 U.N.T.S. 120.

V.C. In response to Ingersoll Rand’s and
CAGI’s comments regarding training,
maintenance, and education, DOE
recognizes that although such efforts
may save energy, they are beyond the
extent of DOE’s EPCA authority to
require in an energy conservation
standards rulemaking.

Sullivan-Palatek commented that DOE
did not have access to performance data
for models with variations; rather DOE
used CAGI data sheets for basic model
package compressors to develop
efficiency levels. Sullivan-Palatek
believes that developing a standard from
basic model data and applying it to
models with variations would be
erroneous, as it is like comparing apples
to oranges. (EERE-2014-BT-TP-0054,
Sullivan-Palatek, No. 0007 at p. 2).

In response, DOE notes that, in the
test procedure final rule, DOE
incorporated CAGI’s recommended list
of equipment (which was supported by
Sullivan-Palatek), with certain
modifications, to define the minimum
testing configuration for a compressor
basic model. Consequently, basic model
variants which add additional
equipment to an existing basic model
will be tested without the additional
equipment, and achieve the same rating
as the basic package compressor it was
derived from. Furthermore, as discussed
in section III.B.8, for equipment
varieties currently distributed in
commerce, DOE was unable to find
evidence that variants created by
substituting components from basic
models would have a material
disadvantage, with respect to energy
efficiency. For these reasons, DOE
believes that the efficiency levels
established in this final rule are
applicable to all compressors within the
scope of this final rule.

IV. Methodology and Discussion of
Related Comments

This section addresses the analyses
DOE has performed for this rulemaking.
Separate subsections address each
component of DOE’s analyses.

DOE used several analytical tools to
estimate the impact of the standards
considered in this document. The first
tool is a spreadsheet that calculates the
LCC savings and PBP of potential
amended or new energy conservation
standards. The national impacts
analysis uses a second spreadsheet set
that provides shipments projections and
calculates national energy savings and
net present value of total consumer
costs and savings expected to result
from potential energy conservation
standards. DOE uses the third
spreadsheet tool, the Government
Regulatory Impact Model (“GRIM”), to

assess manufacturer impacts of potential
standards. These three spreadsheet tools
are available on the DOE website for this
rulemaking: https://
www1.eere.energy.gov/buildings/
appliance_standards/standards.aspx?
productid=63. Additionally, DOE used
output from the latest version of the
Energy Information Administration’s
(“EIA”) Annual Energy Outlook
(“AEO”) for the emissions and utility
impact analyses.

A. Market and Technology Assessment

DOE develops information in the
market and technology assessment that
provides an overall picture of the
market for the equipment concerned,
including the purpose of the equipment,
the industry structure, manufacturers,
market characteristics, and technologies
used in the equipment. This activity
includes both quantitative and
qualitative assessments based primarily
on publicly available information. The
subjects addressed in the market and
technology assessment for this
rulemaking include a determination of
equipment classes and an assessment of
technologies and design options that
could improve the energy efficiency of
compressors. Chapter 3 of the final rule
TSD provides further discussion of
these topics as well as discussions on
definitions, scope of coverage, test
procedures, trade associations,
manufacturers, shipments, regulatory
and non-regulatory programs.

1. Equipment Classes

When evaluating and establishing
energy conservation standards, DOE
divides covered equipment into
equipment classes by the type of energy
used, by capacity, or other performance-
related features that justify differing
standards. In making a determination of
whether a performance-related feature
justifies a different standard, DOE must
consider such factors as the utility of the
feature to the consumer and other
factors DOE determines are appropriate.
(42 U.S.C. 6295(q) and 42 U.S.C.
6316(a)). In the energy conservation
standards NOPR for compressors, DOE
proposed creating equipment classes
based on the following factors:

e Compression principle,

¢ lubricant presence,

¢ cooling method,

e motor speed type, and

¢ motor phase count. 81 FR 31680,
31697-31700 (May 19, 2016).

After taking into consideration the
changes to scope presented in section
III.B, DOE is establishing fewer
equipment classes than it proposed to
establish in the energy conservation
standards NOPR. In this final rule, the


https://www1.eere.energy.gov/buildings/appliance_standards/standards.aspx?productid=63
https://www1.eere.energy.gov/buildings/appliance_standards/standards.aspx?productid=63
https://www1.eere.energy.gov/buildings/appliance_standards/standards.aspx?productid=63
https://www1.eere.energy.gov/buildings/appliance_standards/standards.aspx?productid=63
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remaining equipment classes are
differentiated only by motor speed range
and cooling method. The following
sections, IV.A.1.a through IV.A.1.1,
discuss these equipment class-setting
factors, as well as those considered in
the NOPR, in detail.

a. Compression Principle

In the energy conservation standards
NOPR, DOE proposed to create
equipment classes based on
compression principle. Specifically,
DOE proposed to create separate
equipment classes for rotary
compressors and reciprocating
compressors on the basis that they have
different achievable efficiencies and
distinct utility to end users with
different duty cycles. 81 FR 31680,
31697-31698 (May 19, 2016).

As discussed in section III.B.2, DOE is
including only rotary compressors
within the scope of this rulemaking.
Therefore, in this final rule DOE is not
establishing separate equipment classes
for reciprocating compressors.

b. Lubricant Presence

In the energy conservation standards
NOPR, DOE proposed to create separate
equipment classes for lubricated and
lubricant-free compressors on the basis
that lubricant-free compressors are less
able to achieve higher efficiencies but
offer utility to end users with
applications requiring especially clean
air. 81 FR 31680, 31698 (May 19, 2016).

As discussed in section II1.B.4, DOE is
not including lubricant-free
compressors within the scope of this
rulemaking. Therefore, in this final rule,
DOE is not establishing separate
equipment classes for lubricant-free
COmMpressors.

c. Motor Speed Range

In the energy conservation standards
NOPR, DOE proposed to establish
separate equipment classes for fixed-
speed compressors and for variable-
speed compressors on the basis that
variable-speed compressors are
generally less efficient at full-load than
fixed-speed compressors, but variable-
speed compressors offer additional
utility in applications in which demand
varies. Conversely, fixed-speed
compressors are generally more efficient
at full load, but do not offer the utility
of reduced-speed operation to match
variable demand. 81 FR 31680, 31699
(May 19, 2016).

In response to DOE’s proposal, Atlas
Copco supported separate equipment
classes for fixed-speed and variable-

speed compressors.43 (Atlas Copco, No.
0054 at pp. 15—16)

DOE received no other comments
regarding the creation of separate
equipment classes for fixed-speed and
variable-speed compressors. Therefore,
in this final rule, DOE establishes
separate equipment classes for fixed-
speed and variable-speed compressors.

d. Number of Motor Phases

In the energy conservation standards
NOPR, DOE proposed to divide single-
phase and three-phase reciprocating
compressors into separate equipment
classes. DOE reasoned that compressors
with a compressor motor nominal
horsepower of less than 10 hp can be
packaged with either single-phase or
three-phase electric motors. Single-
phase motors, while typically less
efficient than three-phase motors, offer
utility in applications with no access to
three-phase power. 81 FR 31680, 31699—
31700 (May 19, 2016).

In the energy conservation standards
NOPR, DOE made no equipment class
distinction between single- and three-
phase rotary compressors because it was
unable to obtain data on the
performance of single-phase rotary
equipment. As a result, DOE was unable
to make a determination regarding
whether single-phase equipment could
reach the same performance levels as
three-phase. DOE noted that single-
phase rotary equipment accounted for
very few annual shipments, but that if
the applicable single-phase motors were
less efficient and less expensive than
their three-phase counterparts, then to
create a separate standard without data
would be to risk creating a substitution
incentive. 81 FR 31680, 31699-31700
(May 19, 2016).

As discussed in section III.B.3.c, DOE
does not believe that an incentive to
substitute unregulated single-phase
compressors is likely in the absence of
standards because single-phase
compressors are similar in price to
comparable three-phase models, and
single-phase compressors have
potentially higher installation costs. As
a result, DOE is limiting the scope of the
energy conservation standards to three-
phase compressors. Therefore, in this
final rule, DOE is not establishing

43 DOE notes that in this comment Atlas Copco
also suggested that fixed-speed and variable-speed
compressors should be tested and have results
reported both for the full-load package isentropic
efficiency as well as the part-load package
isentropic efficiency. Atlas Copco argued that this
would allow for comparisons across equipment
classes and for variable-speed compressors that
cannot reach 40-percent flow to calculate the cycle
loss and, consequently, calculate the efficiency at
40-percent flow. DOE addressed this aspect of Atlas
Copco’s concerns in the test procedure final rule.

separate equipment classes based on
phase count.

e. Variants of Rotary Compression
Technology

In the energy conservation standards
NOPR, DOE did not propose to establish
equipment classes based on variants of
rotary compression technology. 81 FR
31680 (May 19, 2016). For the purpose
of this discussion, “‘variant” refers to a
style of rotary compressor that is
recognized by the industry as a distinct
technology. ‘“Rotary vane’” and “rotary
screw’’ are examples of rotary variants.

In response to the energy conservation
standards NOPR, Jenny Products stated
that vane compressors are inherently
different than screw compressors, and
that the only similarities between screw
and vane compressors is that they are
both rotary and positive-displacement.
Jenny Products added that vane
compressors should not be grouped
with screw, piston or centrifugal
compressors, and should instead have
their own standard. Jenny products
further noted that scroll compressors are
different from the compressors that are
mentioned in the energy conservations
standards NOPR proposal and that the
standard combines too many
compressors into an overly general
model. (Jenny Products, No. 0058 at p.
2) Sullivan-Palatek also commented that
the NOPR proposal was overly general,
with too few equipment classes to
reflect the variety and specialization of
products on the market. Sullivan-
Palatek commented that this
overgeneralization could make certain
technologies illegal. As examples,
Sullivan-Palatek mentioned scroll
compressors and vane compressors.
(Sullivan-Palatek, No. 0051 at p. 4) DOE
clarifies that scroll compressors are not
within the scope of this final rule
because they are not rotary compressors;
scroll compressors orbit 44 without
changing angular position. Further,
scroll compressors on the market today
are generally lubricant-free compressors,
which are also not within the scope of
this final rule.

In response to Jenny Products’ and
Sullivan-Palatek’s comments on vane
compressors, neither commenter
provided any performance data or
quantitative information to support the
claim that vane compressors have
significantly different utility and/or
performance when compared to screw
COmMPpressors.

In the absence of quantitative
information from commenters, DOE

44 For example, see: www.emersonclimate.com/
en-us/products/compressors/scroll_compressors/
pages/scroll_compressors.aspXx.


http://www.emersonclimate.com/en-us/products/compressors/scroll_compressors/pages/scroll_compressors.aspx
http://www.emersonclimate.com/en-us/products/compressors/scroll_compressors/pages/scroll_compressors.aspx
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reviewed publicly available
performance data for rotary vane
compressors to determine if differences
in performance exist between vane and
screw compressors.2®> DOE found that
only one vane compressor manufacturer
currently participates in the CAGI
Performance Verification Program; as a
result, all available vane compressor
data is associated with this
manufacturer. For comparison, eight
unique rotary compressor manufacturers
currently participate in the CAGI
Performance Verification Program.46

DOE found that the available fixed-
speed vane compressors perform
similarly to fixed-speed screw
compressors. For example, of 29 in-
scope fixed-speed vane compressors for
which data was available, 86-percent
were able to reach EL 2;47 in
comparison, 84-percent of fixed-speed
screw compressors were able to reach
EL 2. Further, for this same set of fixed-
speed vane compressors, 55-percent
were able to reach EL 3;48 in
comparison, 53-percent of fixed-speed
screw compressors were able to reach
EL 3.49 Given the comparable
performance of rotary screw and rotary
vane compressors, DOE finds no
justification to establish a separate
equipment class for these two variants
of rotary compressors. Consequently, in
this final rule, DOE makes no change to
its NOPR proposal and does not adopt
a separate equipment class for vane
COImMPressors.

f. Cooling Method

In the energy conservation standards
NOPR, DOE proposed creating separate
equipment classes for air- and liquid-
cooled compressors. DOE discussed the
utility of each cooling method, as well
as the efficiency differences between the
two cooling methods, as reasons to
separate compressors based on cooling
method. 81 FR 31680, 31699 (May 19,
2016). The following subsections
summarize interested party comments
related to DOE’s proposal.

45 The performance data was obtained from data
sheets published through the CAGI Performance
Verification Program: www.cagi.org/performance-
verification/.

46 For a list of manufacturers currently
participating in the CAGI Performance Verification
Program, please this website: www.cagi.org/
performance-verification/data-sheets.aspx. Note
that Chicago Pneumatic and Quincy are subsidiaries
of Atlas Copco.

47EL 2 represents the standard level proposed for
this equipment in the energy conservation
standards NOPR. See section IV.C.5 for more
information on efficiency levels.

48EL 3 represents the approximate middle of the
market, with respect to efficiency. See section
IV.C.5 for more information on efficiency levels.

49 See chapter 3 of the TSD for more information
on this analysis.

Utility

NEEA, NWPCC and Sullair stated that
the cooling method offers utility
wherein air-cooled equipment can be
used where water may not be available.
(NEEA and NWPCC, No. 0057 at p. 3;
Sullair, No. 0056 at pp. 13-14)
Compressed Air Systems also supported
the creation of equipment classes and
stated that the water cooler requires no
electrical energy from the package and,
as a result, that the same standard
would not be applicable to both cooling
methods. (Compressed Air Systems, No.
0061 at p. 2) Alternatively, CAGI stated
that the decision on cooling method is
based on site-specific capabilities and it
is not appropriate to separate air- and
liquid-cooled compressors into
equipment classes. (CAGI, No. 0052 at
p- 10; CAGI, Public Meeting Transcript,
No. 0044 at p. 22) This position was
supported by ASAP based on
information provided by industry at the
public meeting. (ASAP, Public Meeting
Transcript, No. 0044 at p. 24) Ingersoll
Rand, Kaeser Compressors, Mattei
Compressors, Sullair and Sullivan-
Palatek supported CAGI’'s comment that
it is not appropriate to separate
compressors into equipment classes.
(Ingersoll Rand, No. 0055 at p. 1; Kaeser
Compressors, No. 0053 at p. 1; Mattei
Compressors, No. 0063 at p. 2; Sullair,
No. 0056 at p. 1; Sullivan-Palatek, No.
0051 at p. 1)

Pursuant to EPCA, DOE must consider
such factors as the utility of the feature
to the consumer and other factors DOE
determines are appropriate. (42 U.S.C.
6295(q) and 42 U.S.C. 6316(a)) DOE
shares the view of commenters arguing
that cooling method offers utility to the
end user. Whereas air-cooled
compressors may shed heat to the
ambient environment, liquid-cooled
compressors require a source of cooling
liquid from an external system, which
not all applications may have.
Conversely, compressors operating in
warm environments may be thermally
limited and unable to operate at full
capacity, and end users may improve
compressor performance by opting for
liquid cooling if the possibility exists. In
either case, cooling method offers utility
to the consumer.

Performance

ASAP, the CA I0Us and Edison
Electric Institute supported the creation
of equipment classes by cooling method,
with the CA IOUs arguing that
combining the two equipment classes
would effectively lower the standard for
liquid-cooled compressors. (CA I0Us,
No. 0059 at pp. 3—4) ASAP and Edison
Electric Institute further commented

that a single efficiency level for both
cooling methods would result in the
elimination of air-cooled compressors,
which are less efficient, from the
market. (NEEA and NWPCC, No. 0057 at
p. 3; Edison Electric Institute, Public
Meeting Transcript, No. 0044 at pp. 23—
24)

Sullair suggested that DOE merge the
liquid-cooled equipment class with the
air-cooled equipment class and apply
the proposed standards of the air-cooled
class; liquid-cooled compressors are low
volume and tend to have better
efficiency than air-cooled compressors.
(Sullair, No. 0056 at pp. 13-14)
Similarly, Sullivan-Palatek commented
that liquid-cooled compressors are
produced in low volumes and, as such,
should not have their own equipment
class and should be held to the air-
cooled compressor standards. (Sullivan-
Palatek, No. 0051 at p. 6; Sullivan-
Palatek, Public Meeting Transcript, No.
0044 at p. 24) Sullair also noted that
liquid-cooled compressors are generally
more efficient than air-cooled
compressors and would not encounter
difficulty in meeting standards derived
from air-cooled compressors.
Furthermore, Sullair noted that
integration with other infrastructure
such as heat recovery could be
discouraged because the liquid-cooled
standard is more stringent. (Sullair, No.
0056 at pp. 13—14)

Atlas Copco pointed out that the
efficiency difference between cooling
methods for lubricated compressors is
small, which is why the draft EU
standards for compressors propose the
same standard levels for air-cooled and
liquid-cooled lubricated compressors.
(Atlas Copco, Public Meeting
Transcript, No. 0044 at pp. 24-25)

CAGI commented that the efficiency
of a compressor is not dictated by
cooling method and, thus, compressors
should not be separated into equipment
classes based on cooling method. (CAGI,
No. 0052 at p. 10; CAGI, Public Meeting
Transcript, No. 0044 at p. 22) Ingersoll
Rand, Kaeser Compressors, Mattei
Compressors, Sullair, and Sullivan-
Palatek commented in support of
CAGI’s recommendations. (Ingersoll
Rand, No. 0055 at p. 1; Kaeser
Compressors, No. 0053 at p. 1; Mattei
Compressors, No. 0063 at p. 2; Sullair,
No. 0056 at p. 1;Sullivan-Palatek, No.
0051 at p. 1)

DOE shares ASAP, the CA I0Us,
Edison Electric Institute, Atlas Copco,
Sullivan-Palatek and Sullair’s viewpoint
that cooling method does affect
efficiency. In doing so, DOE disputes
CAGT’s claim that compressor efficiency
is unaffected by cooling method if
measured at the package level, as


http://www.cagi.org/performance-verification/data-sheets.aspx
http://www.cagi.org/performance-verification/data-sheets.aspx
http://www.cagi.org
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specified by DOE’s test procedure final
rule. Specifically, air-cooled
compressors may employ additional
fans or other energy-consuming
technology that could be superfluous for
a liquid-cooled compressor. The effect
of air cooling on energy consumption
appears directly in the CAGI
Performance Verification Program data,
which indicates that liquid-cooled
compressors achieve greater isentropic
efficiencies than air-cooled compressors
of otherwise equivalent design. DOE
discusses the relationship between the
package isentropic efficiencies of air-
and liquid-cooled compressors in
section IV.C.5.a of this document.

In specific response to Sullair’s
comment, DOE does not anticipate that
an end user’s decision to employ heat
recovery will be affected by energy
conservation standards for liquid-cooled
compressors. Instead, DOE believes an
end user’s decision will continue to be
made based on whether the application
site has use for waste heat. Specifically,
in the energy conservation NOPR, DOE
proposed efficiency levels for liquid-
cooled compressors that conservatively
accounted for this difference in
efficiency.5° 81 FR 31680, 31710-31711
(May 19, 2016). Further, according to
the testing configuration established in
the test procedure final rule, DOE does
not require manufacturers to install heat
recovery equipment during certification
testing. For these reasons, DOE
concludes that the efficiency levels
established in the NOPR provide no
advantage or disadvantage to liquid-
cooled systems that employ heat
recovery equipment.

Based on the aforementioned
discussion of differences in efficiency
and utility between air-cooled and
liquid-cooled compressors, DOE
concludes that separate equipment
classes are warranted and justified, and
DOE is adopting separate equipment
classes for air- and liquid-cooled
compressors in this final rule.

Substitution Risk

Sullair noted that certain cooling
designs, such as hybrid systems, would

be difficult to classify, leading to
loopholes. (Sullair, No. 0056 at pp. 13—
14) CAGI stated that an end user’s
decision on cooling method is based on
site-specific capabilities. (CAGI, No.
0052 at p. 10; CAGI, Public Meeting
Transcript, No. 0044 at p. 22) This
position was supported by ASAP based
on information provided by industry at
the public meeting. (ASAP, Public
Meeting Transcript, No. 0044 at p. 24)
Ingersoll Rand, Kaeser Compressors,
Mattei Compressors, Sullair, and
Sullivan-Palatek commented in support
of CAGI’s recommendations. (Ingersoll
Rand, No. 0055 at p. 1; Kaeser
Compressors, No. 0053 at p. 1; Mattei
Compressors, No. 0063 at p. 2; Sullair,
No. 0056 at p. 1; Sullivan-Palatek, No.
0051 at p. 1)

DOE acknowledges Sullair’s concern
that certain equipment may be of hybrid
design, and is updating its definitions
for the final rule to address those cases
so that an incentive to substitute such
equipment does not arise. See III.A.2 for
details. DOE interprets CAGI’s and
ASAP’s arguments to mean that an end
user’s choice of cooling method is made
largely due to site-specific factors and
infers that substitution is unlikely to
occur, especially at the standard levels
adopted in this final rule. Therefore,
DOE continues to believe that it is
appropriate to establish separate
equipment classes and corresponding
standards, as is done in this final rule.

Certification and Compliance Burden

In response to the energy conservation
standards NOPR, Sullair commented
that certifying based on cooling method
would be burdensome to two different
equipment classes and suggested that
DOE merge the liquid-cooled equipment
class with the air-cooled equipment
class and apply the proposed standards
of the air-cooled class. (Sullair, No. 0056
at pp. 13-14)

DOE disagrees that separate
equipment classes for liquid-cooled and
air-cooled compressors would lead to
significant increases in compliance
burden. The DOE test procedure allows
manufacturers to use a testing-based

TABLE IV.1—LIST OF EQUIPMENT CLASSES

sampling plan or AEDMs to determine
the performance of a compressor.
Manufacturers can use AEDMs to model
the performance of compressors with
lower sales volumes based on
compressors with higher sales volumes,
thereby reducing the burden of testing.
In the case of liquid-cooled and air-
cooled compressors, the similarities
between models, as noted by Sullivan-
Palatek, would allow for relatively
straightforward modeling of liquid-
cooled models based on test data from
otherwise-similar air-cooled models.

Additionally, in the test procedure
final rule, DOE defines basic model to
mean all units of a class of compressors
manufactured by one manufacturer,
having the same primary energy source,
the same compressor motor nominal
horsepower, and essentially identical
electrical, physical, and functional (or
pneumatic) characteristics that affect
energy consumption and energy
efficiency. 81 FR 27220, 27243 (May 5,
2016). As discussed previously, air- and
liquid-cooled compressors clearly have
different characteristics that affect
energy consumption and efficiency.
Consequently, even if liquid- and air-
cooled compressors were combined into
a single equipment class, as requested
by commenters, analogous liquid- and
air-cooled compressors would be
classified as separate basic models and
thus require separate certification.
Therefore, combining air- and liquid
cooled compressors into one equipment
class will not reduce the incremental
testing burden.

g. List of Equipment Classes

In the energy conservation standards
NOPR, DOE proposed a list of
equipment classes and associated
equipment class designations. 81 FR
31680, 31700 (May 19, 2016). Based on
the discussion in this section, and the
scope of this final rule as discussed in
section III.B, there are four equipment
classes in this final rule. DOE’s list of
equipment classes for this final rule is
provided in Table IV.1.

- : . Equipment class
Compressor type Lubrication type Cooling method Driver type Motor phase designation
Rotary ....cccceviieeenneen. Lubricated ................ Air-cooled ................. Fixed-speed ............. Three-phase ............. RP_FS_L_AC
Liquid-cooled .. RP_FS_L_ WC
Air-cooled ....... Variable-speed ......... RP_VS_L_AC
Liquid-cooled ............ RP_VS_L_WC

50 See section 5.7.5.1 of the NOPR TSD here:
www.regulations.gov/document?D=EERE-2013-BT-
STD-0040-0037.
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2. Technology Options

In the energy conservation standards
NOPR, DOE discussed design options as
in three general categories, rather than
as independent individual strategies.
This is because technology options are,
in some cases, able to be deployed
independently (e.g., cooling fan
efficiency), and in other cases require
coordination (e.g., using a more efficient
motor). Instead of a bottom-up
approach, wherein DOE could attempt
to assign a characteristic improvement
to each technology option, DOE
proposed a top-down approach, wherein
the primary consideration is the overall
package efficiency and the associated
overall cost required to achieve that
efficiency. Instead of independent
options, DOE generally considered all
efficiency improvement to come from a
package redesign. This package redesign
can be thought of as including three
broad categories of improvements:

e Multi-staging;

e air-end improvement; and

¢ auxiliary component improvement.
81 FR 31680, 31701-31703 (May 19,
2016).

DOE received no comment in
response to its characterization of
compressor technology options. As a
result, in this final rule, DOE is making
no changes to its characterization of
compressor technology options. The
following sections summarize the
package redesign options that were
originally discussed in the energy
conservation standards NOPR. (81 FR
31680, 31701-31703)

a. Multi-Staging

Compressors ingest air at ambient
conditions and compress it to a higher
pressure required by the specific
application. Compressors can perform
this compression in one or multiple
stages, where a stage corresponds to a
single air-end and offers the opportunity
for heat removal before the next stage.
Units that compress the air from
ambient to the specified design pressure
of the compressor in one stage are
referred to as single-stage compressors,
while units that use multiple stage are
referred to as multistage compressors.

The act of compression generates
inherent heat in a gas. If the process
occurs quickly enough to limit the
transfer of that heat to the environment,
the compression is known as
“adiabatic.” By contrast, compression
may be performed slowly, such that heat
flows from the gas at the same rate at
which it is generated and such that the
temperature of the gas never exceeds
that of the environment. This process is
called “isothermal.” DOE notes that a

hotter gas is conceptually “harder” to
compress; the compressor must
overcome the heat energy present in the
gas in order to continue the
compression process. As a result,
compression to a given volume requires
less work if performed isothermally.
“Real” (i.e., not idealized in any
respect) compressors are neither
adiabatic nor isothermal, and dissipate
some portion of compressive heat
during the process. If a compressor is
able to dissipate more heat, the resulting
act of compression becomes easier and
the compressor requires less input
energy.

Multi-stage compressors are
specifically designed to take advantage
of this principle and split the
compression process into two or more
stages (each performed using a single
air-end) to allow heat removal between
the stages using a heat-exchange device
sometimes called an “intercooler.” The
more stages used, the closer the
compressor behavior comes to the
isothermal ideal. Eventually, however,
the benefits to adding further stages
diminish; gains from each marginal
stage are countered by the inherent
inefficiencies of using smaller
compressor units. Depending on the
specific pressure involved, the optimal
number of stages may vary widely. Most
standard industrial air applications,
however, do not use more than two
stages.

In response to the 2012 proposed
determination of coverage, Ingersoll
Rand stated that two-stage compression
technology can offer an improvement in
efficiency of 12- to 15-percent when
compared to single-stage compression.
(Docket No. EERE-2012-BT-DET-0033,
Ingersoll Rand, No. 0004 at pp. 3—4).
DOE considers multistaging to be a valid
path to higher efficiency, and has
included performance data from single-
stage and multistage compressors alike
in its analysis.

b. Air-End Improvement

The efficiency of any given air-end
depends upon a number of factors,
including:

e Rated compressor output capacity;
compression chamber geometry;
operating speed;
surface finish;
manufacturing precision; and

e designed equipment tolerances.

Each individual air-end has a best-
efficiency operating point based upon
the characteristics listed. However,
because air-ends can operate at multiple
flow rates, manufacturers commonly
utilize a given air-end in multiple
compressor packages to reduce overall
costs. This results in air-ends operating

outside of the best-efficiency point.
Using one air-end in multiple
compressor packages reduces the total
number of air-ends a manufacturer
needs to provide across the entire
market, reducing costs at the price of
reduced efficiency for those packages
operating outside of the best efficiency
point for the air-end. However, a
manufacturer could redesign and
optimize air-ends for any given flow rate
and discharge pressure, increasing the
overall efficiency of the compressor
package.

Manufacturers can use two viable
design pathways to increase compressor
efficiency via air-end improvement. The
first is to enhance a given air-end
design’s properties that affect efficiency,
which could include manufacturing
precision, surface finish, mechanical
design clearances, and overall
aerodynamic efficiency. The second is
to more appropriately match air-ends
and applications by building an overall
larger number of air-end designs. As a
result, a given air-end will be used less
frequently in applications requiring it to
operate further from its optimal
operating point. These two practices
may be employed independently or
jointly; the option that is prioritized will
depend on the specifics of a
manufacturer’s equipment line and the
ultimate efficiency level sought.

c¢. Auxiliary Component Improvement

As discussed in the previous section,
compressor manufacturers normally use
one air-end in multiple compressor
packages that are designed to operate at
different discharge pressures and flow
rates. Each compressor package consists
of multiple design features that affect
package efficiency, including valves,
piping system, motor, capacity controls,
fans, fan motors, filtration, drains, and
driers. This equipment, for example,
may control the flow of air, moisture, or
oil, or the temperature and humidity of
output air, or regulate temperature and
other operating parameters. Compressor
manufacturers do not normally provide
end users with the option to replace any
individual part of a compressor package
to increase efficiency, as each feature
also has a direct effect on compressor
performance. However, improving the
operating characteristics of any of these
“auxiliary” parts may offer a chance to
improve the overall efficiency of the
compressor package.

For example, package isentropic
efficiency can be increased by reducing
the internal pressure drop of the
package using improved valves and pipe
systems, or by improving the efficiency
of (1) both the drive and fan motors (if
present), (2) the fan, itself (if present),
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(3) condensate drains, (4) both air and
lubricant filters, and (5) controls. The
improvement must be considered
relative to a starting point, however.
Even if the modifications could be
deployed independently of each other,
and not all can, the spread of
efficiencies available in the market
likely already reflects the more cost-
effective choice for improving efficiency
at any given point. Perhaps one
manufacturer, by virtue of features of its
product lines, finds that reaching a
given efficiency level in a particular
equipment class is most cost-effectively
done by improving Technology X.
Another may find that it is more cost
effective to improve Technology Y. Both
could be correct because each may have
had a different starting point. Adding to
this difficulty in ascertaining exactly
when a given technology should be
deployed (as with a bottom-up
technology option approach) is the
manufacturing reality that it is not cost-
effective to offer an infinite number of
combinations and equipment sizes.
Perhaps a compressor of output level
between two others would most
optimally use a fan sized specifically for
that compressor. Because it is not cost
effective for that compressor’s
manufacturer to stock another fan size,
however, the compressor ends up sub-

optimally using a fan either slightly too
large or slightly too small, both at some
cost to efficiency. Thus, less may be
learned by scrutinizing the design
choices of a specific model than is
learned by considering the overall
spread of costs and efficiencies available
in the market at large.

Because the compressor packages
function as an ensemble of
complementary parts, changing one part
often leads to changing others. A special
case may come with more-efficient
electric motors. Compressors normally
use induction motors, which generally
vary operating speed as efficiency is
improved. Using a more efficient (but
otherwise identical) induction motor
without considering the rest of the
compressor design could be
counterproductive if the gains in motor
efficiency were more than offset by
subsequent loss in performance of the
air-end and other parts. DOE’s proposal
assumes that the best-performing
compressors on the market are built
using the most-efficient available
electric motors that are suited to the
task. However, it could not confirm
instances of a manufacturer using
“super premium” or “IE4” induction
motors, which appear to only recently
have been made available
commercially.5! The terms “‘super

premium” and “IE4” have been used in
the United States and in Europe,
respectively, to describe the motor
industry’s next tier of efficiency.
Possible reasons for this include the
motors not being suitable for use in
compressors, manufacturers still
exploring the relatively new motors and
not yet having introduced equipment
redesigned to make use of them, or that
manufacturers are already, using the
motors in the most efficient compressor
offerings.

As an example of the influence of
auxiliary componentry on compressor
efficiency, in the test procedure final
rule, DOE presents two lists of ancillary
equipment to describe compressor
configuration requirements. The first
includes ancillary equipment that must
be included as part of a compressor
package when testing, regardless of
whether it is distributed in commerce
with the basic model under test; the
second list contains ancillary equipment
that is only required if it is distributed
in commerce with the basic model
under test. Any ancillary equipment on
these lists may affect efficiency, and
these lists illustrate the set of ancillary
equipment that needs to function
harmoniously for the package to
perform well.

TABLE |V.2—LIST OF EQUIPMENT REQUIRED DURING TEST

Equipment

Fixed-speed rotary
air compressors

Variable-speed rotary
air compressors

DIVEL e

Bare compressors
Inlet filter ...............
Inlet valve

Minimum pressure check valve/backflow check valve

Lubricant separator
Air piping
Lubricant piping

Lubricant filter .........cccceeceeiie e

Lubricant cooler ....
Thermostatic valve

Electrical switchgear or frequency converter for the driver
Device to control the speed of the driver (e.g., variable-speed drive) ...

Compressed air cooler(s)

Pressure switch, pressure transducer, or similar pressure-control de-

vice.
Moisture separator and drain

Yes

Yes.
Yes.
Yes.
Yes.
Yes.
Yes.
Yes.
Yes.
Yes.
Yes.
Yes.
Not applicable.*
Yes.
Yes.
Yes.

Yes.

*This category is not applicable to variable-speed rotary air compressors.
**This category is not applicable to fixed-speed rotary air compressors.

TABLE IV.3—LIST OF EQUIPMENT REQUIRED DURING TEST, IF DISTRIBUTED IN COMMERCE WITH THE BASIC MODEL

Equipment

Fixed-speed rotary
air compressors

Variable-speed rotary
air compressors

Cooling fan(s) and motors .
Mechanical equipment
Lubricant pump ...............

Interstage COOIer .......cccoviiiiiiiiiicc e,

51 One manufacturer, for example, describes its
IE4 offerings here: www.regulations.gov/

#!documentDetail;D=EERE-2013-BT-STD-0040-
0033.

Yes.
Yes.
Yes.
Yes.
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TABLE IV.3—LIST OF EQUIPMENT REQUIRED DURING TEST, IF DISTRIBUTED IN COMMERCE WITH THE BASIC MODEL—

Continued
; Fixed-speed rotary Variable-speed rotary
Equipment air compressors air compressors
Electronic or electrical controls and user interface ...........ccccoecveieennenne YES ittt Yes.
All protective and safety deviCes .........ccceeiiiiiiiiiiinieeee e YES it Yes.

B. Screening Analysis

DOE uses the following four screening
criteria to determine which technology
options are suitable for further
consideration in an energy conservation
standards rulemaking:

(1) Technological feasibility.
Technologies that are not incorporated
in commercial products or in working
prototypes will not be considered
further.

(2) Practicability to manufacture,
install, and service. If it is determined
that mass production and reliable
installation and servicing of a
technology in commercial products
could not be achieved on the scale
necessary to serve the relevant market at
the time of the projected compliance
date of the standard, then that
technology will not be considered
further.

(3) Impacts on product utility or
product availability. If it is determined
that a technology would have significant
adverse impact on the utility of the
product to significant subgroups of
consumers or would result in the
unavailability of any covered product
type with performance characteristics
(including reliability), features, sizes,
capacities, and volumes that are
substantially the same as products
generally available in the United States
at the time, it will not be considered
further.

(4) Adverse impacts on health or
safety. If it is determined that a
technology would have significant
adverse impacts on health or safety, it
will not be considered further. 10 CFR
part 430, subpart C, appendix A, 4(a)(4)
and 5(b)

In sum, if DOE determines that a
technology, or a combination of
technologies, fails to meet one or more
of the above four criteria, it will be
excluded from further consideration in
the engineering analysis. The reasons
for eliminating any technology are
discussed below.

The subsequent sections include
DOE'’s evaluation of each technology
option against the screening analysis
criteria, and whether DOE determined
that a technology option should be
excluded (“screened out’’) based on the
screening criteria.

1. Screened-Out Technologies

In the energy conservation standards
NOPR, DOE was not able to identify
technology options that would fail the
screening criteria. 81 FR 31680, 31703
(May 19, 2016). DOE received no
comments related to the technology
options and screening analysis
presented in the energy conservation
standards NOPR. As a result, DOE is
making no changes to its screening
analysis in this final rule.

2. Remaining Technologies

Through a review of each technology,
DOE concludes that all of the other
identified technologies listed in section
IV.A.1.g met all four screening criteria.
In summary, DOE did not screen out the
following technology options:

e Multi-staging
e air-end improvement
e auxiliary component improvement

DOE determined that these
technology options are technologically
feasible because they are being used, or
have previously been used, in
commercially available products or
working prototypes. DOE also finds that
all of the remaining technology options
meet the other screening criteria (i.e.,
practicable to manufacture, install, and
service and do not result in adverse
impacts on consumer utility, product
availability, health, or safety).

C. Engineering Analysis

In the engineering analysis, DOE
describes the relationship between
manufacturer selling price (MSP) and
improved compressor package
isentropic efficiency. This relationship
serves as the basis for cost-benefit
calculations for individual end users,
manufacturers, and the Nation. DOE
conducted the engineering analysis for
this rulemaking using an efficiency level
approach. The efficiency level approach
uses estimates of costs and efficiencies
of equipment available on the market at
distinct efficiency levels to develop the
cost-efficiency relationship. The
efficiency levels in this analysis range
from that of the least-efficient
compressor sold today (i.e., the
baseline) to the maximum
technologically feasible efficiency level.
At each efficiency level examined, DOE

determines the MSP; this relationship is
referred to as a cost-efficiency curve.

In the following sections, DOE
summarizes the engineering analysis
presented in the NOPR, addresses
potential changes to the analysis
resulting from the test procedure final
rule, discusses comments received,
presents analytical changes in response
to comments, and summarizes the cost-
efficiency results passed to the
downstream economic analyses.

1. Summary of Data Sources

In the energy conservation standards
NOPR, DOE discussed several sources of
data that it used in the engineering
analysis. Specifically, DOE discussed
the CAGI Performance Verification
Program data, the European Union Lot
31 Ecodesign Preparatory Study on
Electric Motor Systems/Compressors
(hereafter “Lot 31 study,” which is
discussed in section IV.C.1.b),
confidential U.S. MSP data, and the
online retailer price database; these
sources are discussed in the following
sections. Chapter 5 of the final rule TSD
contains further detail on these data
sources, beyond what is discussed in
this document.

a. CAGI Performance Verification
Program Data

CAGTI’s Performance Verification
Program provides manufacturers a
standardized test method and
performance data reporting format for
rotary compressors. In the energy
conservation standards NOPR, DOE
compiled the information contained in
every CAGI Performance Verification
data sheet available from the websites of
individual manufacturers into one
database, and referred to this as the
“CAGI database” throughout the
NOPR.52 As part of this final rule, DOE
compiled information from newly
available CAGI data sheets, as well as
updated data sheets from the same
compressor models, and compiled them
into a new database; this is referred to
as the “updated CAGI database” in this
final rule.

52 For more information regarding CAGI’s
Performance Verification Program, please see:
www.cagi.org/performance-verification/.
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b. European Union Lot 31 Study

As described in the energy
conservation standards NOPR, the
European Union Ecodesign directive
established a framework under which
manufacturers of energy-using products
are obliged to reduce the energy
consumption and other negative
environmental impacts occurring
throughout the product life cycle.53 Air
compressors were examined in the Lot
31 study. Lot 31 published a final report
in June 2014 54 and a draft regulation for
standards for air compressors (“Lot 31
draft regulation”).55 81 FR 31680,
31700-31701 (May 19, 2016).

In the energy conservation standards
NOPR engineering analysis, DOE used
several relationships developed in the
Lot 31 study. The first relationship
represented the market average package
isentropic efficiency, as a function of
output flow, for each compressor
variety; this relationship is referred to
herein as the “Lot 31 regression curve.”
The second relationship, the “Lot 31
regulation curve,” was scaled from each
Lot 31 regression curve using ‘“‘d-
values.” The d-values describe the
percent reduction in losses from the
regression curve, and establish a Lot 31
regulation curve. 81 FR 31680, 31704
(May 19, 2016).

The Lot 31 study also established
relationships among compressor
package isentropic efficiency, output
flow rate, and list selling price for each
compressor variety. List price represents
the price paid by the final customer, and
can be scaled to estimate MSP by using
a constant markup factor. These
relationships are referred to as “Lot 31
MSP-flow-efficiency relationships” in
the NOPR and this final rule. In this
final rule, DOE continues to reference
the aforementioned relationships from
the Lot 31 study, without any
modifications. 81 FR 31680, 31704 (May
19, 2016).

c. Confidential MSP and Performance
Data

For the energy conservation standards
NOPR analysis, DOE’s contractor
collected MSP and performance data for
a range of compressor sizes and
equipment classes from manufacturers.
This data is confidential and subject to

53 Source: www.eceee.org/ecodesign/products/
Compressors.

54 For copies of the Lot 31 Final Report on
Compressors, please go to: www.regulations.gov/
#!documentDetail;D=EERE-2013-BT-STD-0040-
0031.

55For copies of the EU draft regulation:
www.regulations.gov/
contentStreamer?documentld=EERE-2013-BT-STD-
0040-
0031&disposition=attachment&contentType=pdf.

a nondisclosure agreement between the
DOE contractor and the manufacturers.
Data collected included pressure, flow
rate, compressor motor nominal
horsepower, full-load input power (in
kilowatts), motor efficiency, package
specific power, and MSP for individual
compressor models. Throughout the
NOPR and this final rule, these values
are referred to as the “confidential U.S.
MSP data.” 81 FR 31680, 31704 (May
19, 2016). This data is unchanged from
the energy conservation standards
NOPR.

d. Public Price Data

In the energy conservation standards
NOPR, DOE used a database of prices
from online retailers, referred to as the
“online retailer price database.” 81 FR
31680, 31704 (May 19, 2016). DOE did
not use this database in this final rule,
because it was used to develop
relationships for reciprocating
compressors, which are not analyzed as
part of this final rule.

2. Impacts of Test Procedure on Source
Data

Ingersoll Rand and Kaeser
Compressors commented that the
publicly available data and data
submitted by manufacturers to the
department represent what they
consider a “‘standard” compressor
package, which does not encompass all
of the ancillary equipment defined in
the test procedure. (EERE-2014-BT—
TP-0054, Ingersoll Rand, Public
Meeting Transcript, No. 0016 at p. 36;
Kaeser Compressors, Public Meeting
Transcript, No. 0044 at p. 49)

DOE made several modifications in
the test procedure final rule, such that
the set of compressor ancillary
equipment required for testing are now
explicitly specified. As discussed in the
test procedure final rule, the equipment
configuration for testing now aligns
with current industry practice.
Therefore, in this final rule, DOE is
basing analysis on the updated CAGI
database without modification.

Additionally, DOE received many
comments from interested parties that
were concerned that the data DOE used
to develop efficiency levels and
ultimately propose energy conservation
standards was not reflective of the
sampling plan adopted in the test
procedure final rule. DOE notes that
these comments are directly addressed
in section III.D of this final rule.

3. Representative Equipment

In the energy conservation standards
NOPR, DOE selected representative
pressures as the basis for developing the
relationship between manufacturer

selling price and package isentropic
efficiency. Specifically, DOE chose 125
psig for the rotary equipment classes
and 175 psig for the reciprocating
equipment classes because they
represented the majority of equipment
in the CAGI database and online retailer
database, respectively. 81 FR 31680,
31704-31705 (May 19, 2016).

Sullair commented that it agreed with
the proposed representative pressures,
but clarified that the pressures listed on
CAGI data sheets is not a proxy for the
market. Sullair further stated that the
bulk of the market is at 100 and 125
psig. (Sullair, Public Meeting
Transcript, No. 0044 at p. 42) DOE
agrees with Sullair that availability of
compressor models at certain pressures
does not represent shipments by
pressure. However, as discussed in the
energy conservation standards NOPR,
DOE used the data sheets to determine
a representative pressure for the
engineering analysis, which was the
most common pressure available. The
representative pressure and data used to
determine it does not to represent a
market distribution or a specific
percentage of shipments at that
representative pressure. Based on the
support from Sullair’s comment and for
the reasons presented in the energy
conservation standards NOPR, DOE
retains in this final rule the
representative discharge pressure of 125
psig as a basis for determining MSP-
efficiency relationships for rotary
COmpressors.

Kaeser Compressors and Ingersoll
Rand commented that reciprocating
compressors run cyclically, typically
starting at 125 psig and stopping at 175
psig. (Kaeser Compressors, Public
Meeting Transcript, No. 0044 at p. 43;
Ingersoll Rand, Public Meeting
Transcript, No. 0044 at p. 44) Ingersoll
Rand expanded on their comment,
stating that it would be more
appropriate to choose a much lower
representative pressure than the “start”
pressure of 175 psig. (Ingersoll Rand,
Public Meeting Transcript, No. 0044 at
pp- 45—46)

Compressed Air Systems commented
that reciprocating compressors can
operate at a range of pressures and
selecting one pressure to evaluate its
efficiency may be inappropriate as that
is not how the compressors designed to
operate. (Compressed Air Systems,
Public Meeting Transcript, No. 0044 at
pp. 43—44) Compressed Air Systems
stated that testing compressors at the
representative pressure of 175 psig may
be unsafe for some compressors to do
safely. (Compressed Air Systems, No.
0061 at p. 3)
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As discussed in section III.B.2, DOE is
excluding reciprocating compressors
from the scope of this final rule, and
therefore is not asserting any
conclusions regarding representative
equipment configurations for
reciprocating compressors at this time.
DOE will consider the aforementioned
input if it analyzes standards for
reciprocating compressors in a future
rulemaking.

4. Design Options and Available Energy
Efficiency Improvements

In the energy conservation standards
NOPR, DOE identified package redesign
as the primary design option available
to improve compressor package
isentropic efficiency and described
multi-staging, air-end improvement, and
auxiliary component improvement as
specialized cases of package redesign.
81 FR 31680, 31705 (May 19, 2016). As
discussed in section IV.B in this final
rule, package redesign remains the only
design option considered in this
engineering analysis. Consistent with
the energy conservation standards
NOPR, in this final rule, DOE is using
an efficiency level approach, focusing
on the total efficiency observed at
various price levels rather than
attempting to quantify the impact on
package isentropic efficiency of all of
the subcomponents that form a
compressor package.

5. Efficiency Levels

In the energy conservation standards
NOPR, DOE established and analyzed
six efficiency levels and a baseline to
assess the relationship between MSP
and package isentropic efficiency. 81 FR
31680, 31705 (May 19, 2016). In this
final rule, the engineering analysis
remains generally the same as presented
in the energy conservation standards
NOPR. However, the following sections
describe specific modifications to the
NOPR analysis that DOE made in
response to interested party comments.

a. Air-Cooled and Liquid-Cooled Scaling
Relationships

In the energy conservation standards
NOPR, DOE proposed efficiency levels
for liquid-cooled equipment classes
established by scaling analogous air-
cooled efficiency levels. DOE developed
this scaling relationship using the CAGI
database and accounted for the
differences in package isentropic
efficiency due to the lack of a fan motor
in liquid-cooled equipment. 81 FR
31680, 31710 (May 19, 2016).

Sullair commented that DOE’s
approach to scale liquid-cooled
equipment classes from air-cooled using
a fixed variable may not be accurate at

high and low compressor motor
nominal horsepower ranges. (Sullair,
Public Meeting Transcript, No. 0044 at
pp- 59-60) In response to Sullair’s
comment, DOE notes that it reduced the
compressor motor nominal horsepower
scope of the final rule to 10 to 200 hp,
as described in section III.B.4.a. Sullair
was specifically concerned with the
scaling at high and low compressor
motor nominal horsepower ranges,
including compressors less than 10
nominal hp and greater than 200
nominal hp, which are no longer within
scope. For the remaining scope, 10 to
200 nominal hp, DOE examined pairs of
air-cooled and liquid-cooled
compressors from the updated CAGI
database and did not find a strong
relationship between the difference in
package isentropic efficiency and flow
rate. The results of this analysis are
provided in chapter 5 of the final rule
TSD. For these reasons, DOE maintains
the methodology for efficiency level
scaling relationships between air-cooled
and liquid-cooled equipment classes in
this final rule.

Finally, DOE re-evaluated the
constant used for the scaling
relationships using the updated CAGI
database. DOE found similar results that
supported the relationship and constant
scaling factor proposed in the NOPR,
and therefore maintains the scaling
relationships proposed in the NOPR.
The results of this analysis are provided
in chapter 5 of the final rule TSD.

b. Baseline, Max-Tech, and Efficiency
Levels

For all equipment classes, the
baseline efficiency level characterizes
the lowest efficiency equipment present
in the market for each equipment class.
DOE established baselines in the energy
conservation standards NOPR,
described by their d-values, for each
equipment class using the CAGI
database. 81 FR 31680, 31705-31713
(May 19, 2016). DOE received no
comments regarding baseline efficiency
levels presented in the energy
conservation standards NOPR. As noted
in section IV.C.1.b, DOE updated the
CAGI database using the most recent
available data and subsequently re-
evaluated the d-values used for the
baseline of each equipment class. DOE
compared the baselines proposed in the
NOPR to the updated CAGI database,
and concluded that the baselines
accurately represent the new data.
Therefore, DOE adopts the baselines
used in the NOPR for all equipment
classes. The results of this analysis are
provided in chapter 5 of the final rule
TSD.

For all equipment classes, the max-
tech efficiency level (EL 6) represents
the highest efficiency level possible for
an equipment class. DOE established
max-tech efficiency levels, represented
by d-values, for each equipment class
using the CAGI database in the NOPR.
81 FR 31680, 31705-31713 (May 19,
2016). DOE received no comments
regarding max-tech efficiency levels
presented in the energy conservation
standards NOPR. As noted in section
IV.C.1.b, DOE updated the CAGI
database and subsequently re-evaluated
the d-values used for the max-tech
efficiency level of each equipment class.
DOE compared the max-tech efficiency
levels proposed in the NOPR to the
updated CAGI database and concluded
that the max-tech efficiency levels
accurately represent the new data.
Therefore, DOE adopts the max-tech
efficiency levels used in the NOPR for
all equipment classes. The results of this
analysis are provided in chapter 5 of the
final rule TSD.

DOE received no comments regarding
the intermediate efficiency levels
presented in the energy conservation
standards NOPR. As such, DOE is
making no changes to the d-values for
ELs 1, 2, 3, 4, and 5 presented in the
energy conservation standards NOPR.
Chapter 5 of the final rule TSD contains
a detailed discussion of baseline, max-
tech and efficiency levels.

c. Efficiency Level Relationships

In the energy conservation standards
NOPR, DOE proposed equations for
efficiency levels based on an analysis of
public data, in a manner consistent with
the Lot 31 draft regulation for air
compressors. DOE summarized the
efficiency levels for each equipment
class with the following information: An
equation for the regression curve, an
equation for the efficiency levels, and a
d-value used in the equation for
efficiency levels. 81 FR 31680, 31705—
31713 (May 19, 2016).

DOE received overarching comments
regarding the efficiency levels proposed
in the energy conservation standards
NOPR. Specifically, CAGI and Sullair
commented that there was an error in
the formula presented at the public
meeting. The formulae on these pages
include the term In(X)2, but should state
In2(X). (CAGI, No. 0052 at p. 11; Sullair,
No. 0056 at p. 17; Sullair, Public
Meeting Transcript, No. 0044 at p. 15;
Sullair, Public Meeting Transcript, No.
0044 at p. 148) Ingersoll Rand, Kaeser
Compressors, Mattei Compressors, and
Sullivan-Palatek commented in support
of CAGI’s recommendations. (Ingersoll
Rand, No. 0055 at p. 1; Kaeser
Compressors, No. 0053 at p. 1; Mattei
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Compressors, No. 0063 at p. 2; Sullivan-
Palatek, No. 0051 at p. 1)

DOE agrees with CAGI and Sullair’s
comment and notes that the comments
point out a typographical error in the
NOPR equation structure, which, when
corrected, represents the intent of the
equations. Therefore, the equations
presented in this final rule have been
modified to address the typographical
error, but these changes have no impact
on the analytical results in this final
rule.

Additionally, CAGI and Sullair stated
that DOE based the efficiency level
equations presented in the NOPR on the
Lot 31 draft regulation for air
compressors, but rounded and truncated
some equations coefficients. CAGI and
Sullair further stated that the rounding
creates a situation where a compressor
may meet one proposed efficiency
standard, but fail the other. CAGI and
Sullair recommend aligning the
coefficients in the efficiency level
equations with the equations in the Lot
31 draft regulation to prevent this
potential issue. (CAGI, No. 0052 at p.
12; Sullair, Public Meeting Transcript,
No. 0044 at p. 16; Sullair, No. 0056 at
p- 17) Ingersoll Rand, Kaeser
Compressors, Mattei Compressors, and
Sullivan-Palatek commented in support
of CAGI’s recommendations. (Ingersoll
Rand, No. 0055 at p. 1; Kaeser
Compressors, No. 0053 at p. 1; Mattei
Compressors, No. 0063 at p. 2; Sullivan-
Palatek, No. 0051 at p. 1)

DOE examined the equations in the
Lot 31 draft regulation and found that
coefficients used were all reported to
the thousandth (i.e., 0.001) and varied
between 3 and 5 significant digits. In the
energy conservation standards NOPR,
DOE presented equations for efficiency
levels with 3 significant digits. DOE also
notes that in the test procedure final
rule, all calculations of package
isentropic efficiency must be rounded to
the thousandth (i.e., 0.001). DOE’s
original intent was to align with the
equations used in the Lot 31 draft
regulation, and DOE is modifying the
equations in this final rule to include all
significant digits presented in the Lot 31
draft regulation equations. DOE notes
that the original, unrounded and
untruncated Lot 31 draft regulation
equations were used in DOE’s energy
conservation standards NOPR analysis.
As such, this is a typographical change
to the presentation of the equations in
the regulatory text, and thus this change
has no impact on the analytical results
in this final rule.

56 Agreement on Technical Barriers to Trade,
1868 U.N.T.S. 120.

Sullivan-Palatek commented that the
efficiency level equations presented in
the energy conservation standards
NOPR did not seem reasonable, stating
that the package isentropic efficiency of
a given compressor would not
consistently rise with respect to
compressor motor nominal horsepower.
Sullivan-Palatek suggested that the
efficiency level curves should begin to
flatten at 100 to 150 nominal hp,
meaning that the package isentropic
efficiency for a given efficiency level
would remain flat beyond 100 or 150
nominal hp. (EERE-2014-BT-TP-0054,
Sullivan-Palatek, No. 0007 at p. 3;
EERE-2014-BT-TP-0054, Sullivan-
Palatek, Public Meeting Transcript, No.
0016 at p. 51)

Additionally, the People’s Republic of
China noted that it was unreasonable to
use a single efficiency curve spanning
the range of 1-500 nominal hp as a
considered regulation. The People’s
Republic of China requested that DOE
provide the data used to develop this
curve in accordance with Article 2.5 of
World Trade Organization Agreement
on Technical Barriers to Trade, which
permits a World trade Organization
member to request another member to
provide technical justification for a
regulation.?® (P. R. China, No. 0049 at p.
3)

In response to the comments from
Sullivan-Palatek and the People’s
Republic of China, the efficiency levels
analyzed in this final rule are all based
on Lot 31 regression curves, which were
created from empirical data.
Specifically, the Lot 31 regression
curves were created from CAGI
Performance Verification Program data.
Further, in the energy conservation
standards NOPR, DOE independently
confirmed that regressions of the CAGI
database performance data would result
in curves similar to the Lot 31
regression curves. 81 FR 31680, 31706—
31707 (May 19, 2016). DOE notes that
Sullivan-Palatek did not provide any
supporting data or justification as to
why they believed the regression curve
shape was incorrect. Additionally, no
other interested parties commented on
the regression curve shape. For these
reasons, in this final rule, DOE makes
no further adjustments to the shape of
the efficiency level curves.

CAGI and Sullair commented that
Table 1 in the May 19, 2016 energy
conservation standards NOPR (81 FR
31767) contains an error for the rotary,
lubricated, air-cooled, variable-speed
compressor equipment class d-value of

—10. CAGI and Sullair believe this
value should be — 15 to align with the
rotary, lubricated, water-cooled,
variable-speed compressor equipment
class d-value. (CAGI, No. 0052 at p. 11;
Sullair, No. 0056 at p. 17) Ingersoll
Rand, Kaeser Compressors, Mattei
Compressors, and Sullivan-Palatek
commented in support of CAGI’s
recommendations. (Ingersoll Rand, No.
0055 at p. 1; Kaeser Compressors, No.
0053 at p. 1; Mattei Compressors, No.
0063 at p. 2; Sullivan-Palatek, No. 0051
at p. 1) DOE notes that the d-values in
Table 1 of the NOPR align with the
corresponding EL 2 analyzed in the
NOPR engineering analysis. EL 2 for
these two equipment classes do not
have the same d-value because DOE
determined that they have different
baseline d-values, based on data in the
CAGI database. This results in a
different d-value for EL 2, which DOE
described as two-thirds of the way
between the baseline and EL 3 in the
energy conservation standards NOPR.
81 FR 31706 (May 19, 2016). Therefore,
DOE concludes that no error was
present, and does not make any
modifications based on this comment
from CAGI and Sullair.

Beyond the changes discussed in this
section, DOE uses the same efficiency
level relationships proposed in the
energy conservation standards NOPR for
this final rule. The following sections
present the efficiency levels for
equipment classes analyzed in this final
rule and discuss specific comments
from interested parties. As discussed in
section IIL.B, certain air compressors
that DOE analyzed in the energy
conservation standards NOPR are no
longer within the scope of this final
rule. Therefore, DOE is only presenting
engineering analysis results for
equipment within the scope of this rule.
Specifically, DOE is only presenting
engineering analysis results for fixed-
and variable-speed, lubricated, rotary,
three-phase compressors within the
scope of this rule. Chapter 5 of the final
rule TSD contains a detailed discussion
of all efficiency level relationships.

RP_FS L AC

The regression curve for the rotary,
lubricated, air-cooled, fixed-speed
equipment class is unchanged from the
energy conservation standards NOPR,
except for the typographical corrections
noted in this section, and is as follows:
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77Isen_Regr_RP_FS L_AC

= —0.00928 x In2(0.4719 X V,) + 0.13911 x In(0.4719 X V,)
+0.27110

Where:

N Isen_Regr_RP_FS_L_AC = I‘egTBSSiOIl curve
package isentropic efficiency for the

V; = full-load actual volume flow rate (cubic
feet per minute).

The efficiency levels for the rotary,

rotary, lubricated, air-cooled, fixed-speed lubricated, air-cooled, fixed-speed

equipment class, and

equipment class are unchanged from the

Equation 1

energy conservation standards NOPR.
All efficiency levels, are defined by the
following equation, in conjunction with
the d-values in Table IV.4.

Nisen_STD_RP_FS_L_AC — Nisen_Regr RP_FS_L_AC T (1 - nlsen_Regr_RP_FS_L_AC) x d/100

Where:

M 1sen_sto_rP_rs_i_ac = package isentropic
efficiency for the rotary, lubricated, air-
cooled, fixed-speed equipment class, for
a selected efficiency level,

M Isen_Regr_RP_FS_L_AC = Tegression curve
package isentropic efficiency for the
rotary, lubricated, air-cooled, fixed-speed
equipment class, and

d = d-value for each proposed efficiency
level, as specified in Table IV.4.

Nisen_STD_RP_FS_L_WC

TABLE |IV.4—EFFICIENCY LEVELS ANA-
LYZED FOR ROTARY, LUBRICATED,
AIR-COOLED, FIXED- SPEED, THREE-
PHASE

Efficiency level d-Value
Baseline .. —49
EL1 ........ -30
EL2 ... -15
EL3 0
EL 4 5
EL5 13
ELB oo 30

Equation 2

RP_ FS L WC

The efficiency levels for the rotary,
lubricated, liquid-cooled, fixed-speed
equipment class are derived from the
rotary, lubricated, air-cooled, fixed-
speed equipment class.

The efficiency levels for the rotary,
lubricated, liquid-cooled, fixed-speed
equipment class are unchanged from the
energy conservation standards NOPR.
All efficiency levels are defined by the
following equation, in conjunction with
the d-values in Table IV.5.

= 0.02349 + Nisen_regr rP_Fs.LAC T (1 - ﬂlsen_Regr_RP_Fs_L_Ac)

x d/100

Where:

M 1sen_sto_rP_Fs_L_wc = package isentropic
efficiency for the rotary, lubricated,
liquid-cooled, fixed-speed equipment
class, for a selected efficiency level,

N Isen_Regr_RP_FS_L_AC = regression curve
package isentropic efficiency for the
rotary, lubricated, air-cooled, fixed-speed
equipment class, and

d = d-value for each proposed efficiency
level, as specified in Table IV.5.

77Isen_Regr_RP_VS L_AC

TABLE |IV.5—EFFICIENCY LEVELS ANA-
LYZED FOR ROTARY, LUBRICATED,

LIQuID-COOLED, FIXED-  SPEED,
THREE-PHASE
Efficiency level d-Value

Baseline ......cccocceeeeeveccinineennnn. —49
EL 1 -30
EL2 ... —-15
EL 3 0
EL 4 5
EL 5 13
EL 6 30

Equation 3

RP VS L AC

The regression curve for the rotary,
lubricated, air-cooled, variable-speed
equipment class is unchanged from the
energy conservation standards NOPR,
except for the typographical corrections
noted in this section, and is as follows:

= —0.01549 x In2(0.4719 x V) + 0.21573 x In(0.4719 x V;)
+ 0.00905

Where:

M Isen_Regr_RP_FS_L_AC = Tégression curve
package isentropic efficiency for the

rotary, lubricated, air-cooled, variable-
speed equipment class, and

V; = full-load actual volume flow rate (cubic
feet per minute).

Equation 4

The efficiency levels for the rotary,
lubricated, air-cooled, variable-speed
equipment class are unchanged from the
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energy conservation standards NOPR.
All efficiency levels are defined by the

following equation, in conjunction with
the d-values in Table IV.6.

Nisen_STD_RP_VS_L_AC = Misen_Regr RP_VS_L_AC T (1 - nlsen_Regr_RP_VS_L_AC) X d/100

Where:

M 1sen_sto_rP_vs_r_ac = package isentropic
efficiency for the rotary, lubricated, air-
cooled, variable-speed equipment class,
for a selected efficiency level,

M Isen_Regr_RP_VS_L_AC = Tegression curve
package isentropic efficiency for the
rotary, lubricated, air-cooled, variable-
speed equipment class, and

d = d-value for each proposed efficiency
level, as specified in Table IV.6.

Nisen_STD_RP_VS_L_WC

TABLE |IV.6—EFFICIENCY LEVELS ANA-

LYZED FOR ROTARY, LUBRICATED,
AIR-COOLED, VARIABLE- SPEED,
THREE-PHASE

Efficiency level d-Value

Equation 5

RP_VS_L_WC

The efficiency levels for the rotary,
lubricated, liquid-cooled, variable-speed
equipment class are derived from the
rotary, lubricated, air-cooled, variable-
speed equipment class.

The efficiency levels for the rotary,
lubricated, liquid-cooled, variable-speed
equipment class are unchanged from the
energy conservation standards NOPR.
All efficiency levels are defined by the
following equation, in conjunction with
the d-values in Table IV.7:

= 0.02349 + Nysen regr rP.vs.LaC + (1 = Nisen_regr RP.VS.L AC)

x d/100

Where:

M ssen_sto_rp_VS_L_WGC = package isentropic
efficiency for the rotary, lubricated,
liquid-cooled, variable-speed equipment
class, for a selected efficiency level,

N rsen_regr_RP_VS_L_AC = regression curve
package isentropic efficiency for the
rotary, lubricated, air-cooled, variable-
speed equipment class, and

d = d-value for each proposed efficiency
level, as specified in Table IV.7.

TABLE |IV.7—EFFICIENCY LEVELS ANA-

LYZED FOR ROTARY, LUBRICATED,
LIQUID-COOLED,  VARIABLE-SPEED,
THREE-PHASE

Efficiency level d-Value

—45
-30
-15

6. Manufacturer Selling Price

In the energy conservation standards
NOPR, DOE’s general approach was to
collect public and confidential
manufacturer selling price data (in U.S.
dollars) for compressors distributed in
commerce in the United States, in order
to scale relationships established in the
Lot 31 study to the U.S. market. 81 FR
31680, 31703-31704, 31713-31718
(May 19, 2016). The following sections

discuss interested party comments
related to MSP of lubricant-free
equipment (section IV.C.6.a), potential
overestimation of MSP and its impact
on analyses (section IV.C.6.b), the
unchanged relationship between air-
cooled and liquid-cooled MSP (section
IV.C.6.c), and a summary of MSP results
(section IV.C.6.d).

a. MSP of Lubricant-Free Equipment
Classes

In the energy conservation standards
NOPR, DOE analyzed lubricant-free
equipment classes. DOE developed a
relationship between MSP for lubricated
and lubricant-free equipment classes
and requested comment on the
relationship.

In response, CAGI commented that
scaling the MSP of lubricated, air-cooled
equipment to determine the MSP of
lubricant-free, air-cooled equipment is
not justified as there is no proven
relationship between lubricant-free MSP
and lubricated MSP. (CAGI, No. 0052 at
pp- 10-11) Ingersoll Rand, Kaeser
Compressors, Mattei Compressors,
Sullair, and Sullivan-Palatek
commented in support of CAGI’s
recommendations. (Ingersoll Rand, No.
0055 at p. 1; Kaeser Compressors, No.
0053 at p. 1; Mattei Compressors, No.
0063 at p. 2; Sullair, No. 0056 at p. 1;
Sullivan-Palatek, No. 0051 at p. 1)

As discussed in section II1.B.4, DOE is
excluding lubricant-free compressors

Equation 6

from the scope of this final rule, and
therefore DOE is not asserting any
conclusions regarding MSP for
lubricant-free compressors at this time.

b. Potential Overestimation of MSP Due
to Non-Efficiency-Related Equipment

Sullivan-Palatek stated that customers
who order more efficient compressors
typically require other optional non-
efficiency-related ancillary equipment,
which artificially inflates the cost of the
more efficient equipment. (Sullivan-
Palatek, Public Meeting Transcript, No.
0044 at pp. 63—64; Sullivan-Palatek,
Public Meeting Transcript, No. 0044 at
p. 67; Sullivan-Palatek, Public Meeting
Transcript, No. 0044 at p. 68) Ingersoll
Rand supported Sullivan-Palatek’s
comments. (Ingersoll Rand, Public
Meeting Transcript, No. 0044 at pp. 67—
68)

In the energy conservation standards
NOPR, DOE established MSP-flow-
efficiency relationships using the Lot 31
study of MSP-flow-efficiency
relationships, and MSPs for compressor
packages sold in the United States. As
discussed in the NOPR, DOE scaled the
Lot 31 study’s absolute equipment MSPs
to a magnitude that represents MSPs
offered in the U.S. market, but
maintained the incremental MSP trends
established in the Lot 31 study. 81 FR
31680, 31715 (May 19, 2016). The Lot
31 MSP-flow-efficiency relationships
were developed using cost data that was
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confined to basic packages only, any
packages with additional features, such
as “‘active cooling” were omitted to
reduce complexity of the analysis.57
Additionally, the Lot 31 study
explained that some basic packages
have more opportunities to upgrade
functions in the future and are more
expensive because they have space and
material for potential future upgrades.>8
These descriptions indicate that there
may be some small costs included in the
Lot 31 MSP-flow-efficiency
relationships that are not related to
efficiency improvements (e.g., costs for
extra space in the package for optional
components). DOE scaled the Lot 31
MSP-flow-efficiency relationships using
U.S. prices of basic compressor
packages, as distributed in commerce. In
alignment with the Lot 31 study, DOE
did not explicitly exclude any costs
from more efficient models. Therefore,
the MSPs presented in the NOPR
engineering analysis represent the total
price of the basic package, as distributed
in commerce, which is consistent with
the Lot 31 methodology.

As discussed in the energy
conservation standards NOPR, DOE
leveraged the Lot 31 MSP-flow-
efficiency relationship because it is
based on an analysis which was
publicly vetted through the European
Union regulation process. At this time
(and at the time of the NOPR analysis),
no additional data is available that
would allow DOE to parse out the
impact of certain ancillary equipment
on the Lot 31 MSP-flow-efficiency
relationship.

DOE understands that the potential
slight overestimation of MSP at higher
efficiency levels due to non-efficiency-
related equipment could affect the
results of DOE’s analyses. Therefore,
DOE has assessed the potential impacts
of including costs of optional ancillary
equipment that do not affect package
isentropic efficiency in the outputs of
the engineering analysis. Specifically,
potential overestimation of MSP at
higher efficiency levels is most likely to
produce conservative results at higher
efficiency levels, as it overestimates the
cost to increase package isentropic
efficiency. If incremental MSPs in the
NOPR are overestimated, then it follows
that corresponding consumer benefits
presented in the NOPR are
underestimated. In the energy
conservation standards NOPR, DOE
presented consumer benefits that were

57 See the Lot 31 Ecodesign Preparatory Study on
Compressors Task 7 section 2.4.1 here:
www.regulations.gov/#!documentDetail;D=EERE-
2013-BT-STD-0040-0031.

58 Ibid.

positive above the proposed standard
level, and revising any potentially
overestimated incremental MSPs would
only increase the benefits of these
levels. 81 FR 31680, 31737-31744 (May
19, 2016). As explained in the NOPR,
DOE proposed TSL 2 after walking
down to a potential reduction in INPV
for manufacturers that DOE concluded
was economically justified. Consumer
and national benefits were positive from
TSL 2 through max-tech for all
equipment classes considered in this
final rule. 81 FR 31753-31755. Revising
any potentially, slightly overestimated
incremental MSPs (to lower values) at
higher efficiency levels would increase
NOPR estimated consumer benefits,
with little impact on NOPR-estimated
reduction in INPV for manufacturers
and, therefore, not change the
justification for the standard proposed
in the NOPR.

Further, as discussed previously, DOE
based the MSPs trends in the energy
conservation standards NOPR on trends
established in Lot 31 study. DOE does
not have cost data which could be used
to evaluate how costs of more efficient
compressor packages may increase due
to non-efficiency-related items.
Additionally, commenters did not
provide any quantitative data related to
this.

Consequently, based on the potential
minimal impact of revising MSP-flow-
efficiency relationships according to
Sullivan-Palatek’s comment, and the
lack of available cost data to do so, DOE
is adopting in this final rule the MSP-
flow-efficiency relationships as
proposed in the energy conservation
standards NOPR.

c. Air-Cooled and Liquid-Cooled MSP
Relationships

In the energy conservations standards
NOPR, DOE used MSPs for air-cooled
equipment classes to represent MSPs for
liquid-cooled equipment classes. DOE
reasoned that any difference in
incremental MSP between air- and
liquid-cooled compressors would not be
significant, when compared to the
incremental MSP of the greater package.
Consequently, DOE concluded that the
incremental cost and price of efficiency
would be the same for both air-cooled
and liquid-cooled equipment classes at
each efficiency level. 81 FR 31680,
31716-31717 (May 19, 2016). As
discussed in section IV.A.1.f, DOE
maintains separate equipment classes
for air-cooled and liquid-cooled
equipment in this final rule.

In response to the NOPR, Sullair
commented that generally there is an
analogous air-cooled and liquid-cooled
compressor for lubricated equipment,

and when ignoring the cost of the
cooling system, the manufacturer
production cost (“MPC”) for each is the
same. This mirrors the assumption
made in DOE’s energy conservation
standards NOPR analysis. However,
Sullair added that DOE’s assumption
that the incremental cost of efficiency
for air-cooled and water-cooled
equipment classes are equal may not
work because air-cooled equipment can
improve package isentropic efficiency
by using premium efficiency fan motors,
while liquid-cooled equipment cannot.
(Sullair, Public Meeting Transcript, No.
0044 at pp. 65-66)

DOE acknowledges that air-cooled
equipment has a technology option that
is not available to liquid-cooled
equipment (i.e., more-efficient fan
motors). In response, DOE assessed the
impact of its assumption that any
difference in incremental MSP between
air- and liquid-cooled systems would
not be significant when compared to the
incremental MSP of the greater package.

In the energy conservation standards
NOPR, DOE derived MSP at each air-
cooled efficiency level from empirical
pricing data. It is therefore reasonable to
assume that the MSP at the baseline
level represents compressors with low
efficiency fan motors. At each
subsequent efficiency level, the
likelihood of improved efficiency fan
motors increases. As a result, it is
reasonable to assume that the
empirically based MSPs at each
subsequent efficiency level already
represent compressors with fan motors
of increasing efficiency.

In the energy conservation standards
NOPR, DOE established efficiency levels
for liquid-cooled compressors at a
uniform 2.35 package isentropic
efficiency points above the analogous
air-cooled efficiency level. As discussed
in section IV.C.5.a and the energy
conservation standards NOPR, this
increase of 2.35 package isentropic
efficiency points represents the average
difference in package isentropic
efficiency between 269 pairs of
analogous fixed-speed air-cooled and
liquid-cooled models. The air- and
liquid-cooled pairs in this analysis
represented the range of fan motor
efficiency available on the market.
Following the logic established by
Sullair’s comment, theoretically, pairs
with lower efficiency fan motors should
have greater differences in package
isentropic efficiency, and pairs with
higher efficiency fan motors should
have smaller differences in package
isentropic efficiency. Thus, if DOE is to
precisely account for improvements in
fan motor efficiency (while using the
same incremental MSPs for air- and
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liquid-cooled efficiency levels), the
increase in package isentropic efficiency
between air- and liquid-cooled
compressors should be slightly more
than 2.35 at baseline and slightly less
than 2.35 at max-tech. Such an
adjustment would result in liquid-
cooled compressors gaining slightly less
package isentropic efficiency between
each efficiency level, when compared to
air-cooled compressors. However, the
increase in MSP at each efficiency level
would be the same for both air- and
liquid-cooled compressors.

DOE quantified the impact of the
aforementioned relationship. Data
within the updated CAGI database show
that most fan motors are less than five
percent the size of the compresses motor
(e.g., a compressor with a 100 hp motor
typically has a fan motor less than 5 hp).
One common air-cooled configuration
in the updated CAGI database, for
example, is a compressor with a
compressor motor nominal horsepower
of 100 hp and a 3 hp fan motor. The
efficiency of 3 hp fan motors typically
range from 81.5- to 89.5-percent. With
all else held constant, DOE estimates
that upgrading from the least efficient
fan motor to the most efficient would
increase package isentropic efficiency
by approximately 0.20 percentage points
for a 100 nominal hp compressor. DOE
also assessed a 200 nominal hp
compressor with a 10 hp fan motor, and
found a similar result: package
isentropic efficiency increased by
approximately 0.18 percentage points.
DOE examined this impact for 25
nominal hp compressors, as well. Based
on the updated CAGI database, DOE
found that 1 hp fan motor are typically
associated with 25 nominal hp
compressors, and these fan motors
ranged from 65.0- to 85.5-percent
efficient. This range resulted in an
increase in package isentropic efficiency
of approximately 0.78 percentage
points. Chapter 5 of the final rule TSD
contains a detailed discussion of the
impact of fan motor efficiency on
package isentropic efficiency.

Practically, if DOE were to apply this
result to the analysis for a compressor
with a compressor motor nominal
horsepower of 25 hp, the air- to liquid-
cooled offset would range from 2.74 at
baseline to 1.96 at max-tech (a range of
0.78 percentage points identified in 25
nominal hp compressors); instead of
being a constant 2.35 package isentropic
efficiency points. At EL 2, (the standard
level proposed in the energy
conservation standards NOPR) the offset

would be approximately 2.47 points of
package isentropic efficiency.5?

For compressors with a compressor
motor nominal horsepower of 100 hp,
the air- to liquid-cooled offset would
range from 2.45 at baseline to 2.25 at
max-tech (a range of 0.20 percentage
points identified in 100 nominal hp
compressors); instead of being a
constant 2.35 package isentropic
efficiency points. At EL 2 the offset
would be approximately 2.38 percentage
points of package isentropic
efficiency.6° Compressor with a motor
nominal horsepower of 200 hp would
have an almost identical offset, based on
DOE’s analysis.

DOE asserts that the potential changes
to the package isentropic efficiency
offset at EL 2, for the example
compressors with a compressor motor
nominal horsepower of 25, 100, and 200
hp, are very small, and will result in
negligible impact on downstream
analyses. Specifically, this analysis
showed that package isentropic
efficiency, for EL 2, for liquid-cooled
equipment classes, should be slightly
higher (i.e., more stringent) than what
was analyzed in the NOPR, while
maintaining the same MSP. Revising EL
2 for liquid-cooled equipment classes to
be more stringent would increase NOPR
estimated consumer benefits, which are
positive from TSL 2 through max-tech
for all equipment classes considered in
this final rule. 81 FR 31753-31755.

Further, revising EL 2 for liquid-
cooled equipment classes to be more
stringent would have a negligible
impact on the estimated reduction in
INPV for manufacturers. Specifically, in
this scenario, MSP (one of the key
inputs to calculating INPV) does not
change. With a slightly more stringent
EL 2, DOE expects only negligible
changes in the number of models failing
and shipment estimates (other key
inputs to calculating INPV), because the
potential change to the efficiency level
is so small. As explained in the NOPR,

59 DOE estimated the offset for 25 hp compressors
at EL 2 by linearly interpolating between the offsets
and d-values at baseline and EL 3. As such, DOE
estimates that the package isentropic efficiency
offset should be 2.47 at EL 2, by interpolating
between 2.74 (baseline) and 2.35 (EL 3). Chapter 5
of the final rule TSD contains details on this
calculation.

60 DOE estimated the offset for 100 hp
compressors at EL 2 by linearly interpolating
between the offsets and d-values at baseline and EL
3. As such, DOE estimates that the package
isentropic efficiency offset should be 2.38 at EL 2,
by interpolating between 2.45 (baseline) and 2.35
(EL 3). Chapter 5 of the final rule TSD contains
details on this calculation.

DOE proposed TSL 2 after walking
down to a potential reduction in INPV
for manufacturers that DOE concluded
was economically justified. Therefore,
the potential impact of revising EL 2
does not change the justification for the
standard proposed in the NOPR.

Further, DOE’s analysis shows that
efficiency levels above EL 3 for liquid-
cooled equipment classes should be
slightly lower (i.e., less stringent) than
what was analyzed in the NOPR.
Therefore, the NOPR analyses would
have shown slightly less economic
benefits if EL 3 were revised. However,
economic benefits were significantly
positive at these higher ELs, and
ultimately DOE walked down below
these levels based on INPV impacts,
which similarly to EL 2 would have
negligible changes.

As such, DOE maintains its assertion
that any difference in incremental MSP
between air- and liquid-cooled systems
would not be significant, when
compared to the incremental MSP of the
greater package. Furthermore,
implementing such changes, with rigor,
adds significant complexity to DOE’s
analysis, with little-to-no increase in
analytical resolution. For these reasons,
for this final rule, DOE maintains the
relationships between air- and liquid-
cooled compressors, for EL 1 through EL
6, as established in the energy
conservation standards NOPR.

d. Summary of Manufacturer Selling
Price Relationships

Based on the discussions in sections
IV.C.6.a, IV.C.6.b, and IV.C.6.c, DOE is
adopting the MSP-flow-efficiency
relationships in the following sections
in this final rule. DOE notes that the
relationships for these equipment
classes are unchanged from the NOPR
analysis. 81 FR 31680, 31714-31717
(May 19, 2016).

RP_FS_L_AC

The MSP-flow-efficiency relationship
for the rotary, lubricated, air-cooled,
fixed-speed equipment class is as
follows:
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MSPRP_FS_L_AC - 0820
x [(4.72 x V, + 2500) + (136.88 X V; + 10000)

3
X Nisen_STD_RP_FS_L_AC ]
Equation 7

Where:

MSPrp_rs_1_ac = manufacturer selling price
for the rotary, lubricated, air-cooled,
fixed-speed equipment class at a selected
efficiency level and full-load actual
volume flow rate,

Nisen_sTp_rP_rs_i_ac = package isentropic
efficiency for the rotary, lubricated, air-
cooled, fixed-speed equipment class, for
a selected efficiency level and full-load
actual volume flow rate, and

V, = full-load actual volume flow rate (cubic
feet per minute).

MSP for each efficiency level for the
rotary, lubricated, air-cool